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EXECUTIVE SUMKPRY 

INTRODUCTION APD RECOMFEFDATION 

Hea l th  and Safe ty  Code Sect ion 39655 defines a t o x i c  a i r  contaminant 

as an a i r  p o l l u t a n t  which the  A i r  Resources Board o r  the  Department o f  

Food and A g r i c u l t u r e  f i n d s  "may cause o r  c o n t r i b u t e  t o  an increase i n  

m o r t a l i t y  o r  an increase i n  ser ious  i l l n e s s ,  o r  which may pose a present  

o r  p o t e n t i a l  hazard t o  human heal thn.  The s t a f f s  o f  t h e  A i r  Resources 

Eoard (ARB) and t h e  Department o f  Hea l th  Services (DHS) have reviewed t h e  

a v a i l a b l e  s c i e n t i f i c  evidence on t h e  presence o f  e thy lene ox ide  i n  t h e  

atmosphere o f  C a l i f o r n i a  and i t s  p o t e n t i a l  adverse e f f e c t  on pub1 i c  

hea l th .  Based on t h e  f i n d i n g  o f  c a r c i n o g e n i c i t y  and t h e  r e s u l t s  o f  t h e  

r i s k  assessment, t h e  DHS s t a f f  f i n d s  t h a t  e thy lene ox ide  meets the  

d e f i n i t i o n  o f  a t o x i c  a i r  contaminant. Therefore, t h e  s t a f f  o f  t h e  A i r  
b 

Resources Board recommends t h a t  e thy lene ox ide  be i d e n t i f i e d  b y  t h e  Eoard 

as a t o x i c  a i r  contaminant. I n  making t h i s  recommendation, t h e  ARE and 

DHS s t a f f s  found t h a t  t h e r e  i s  n o t  s u f f i c i e n t  a v a i l a b l e  s c i e n t i f i c  

evidence a t  t h i s  t ime t o  support  t h e  i d e n t i f i c a t i o n  o f  an exposure l e v e l  

below which carc inogen ic  e f f e c t s  would n o t  have some p r o b a b i l i t y  o f  

o c c u r r i n g  and recommend t h a t  e thy lene ox ide  be t r e a t e d  as hav ing  no 

i d e n t i f i e d  threshold.  

The S c i e n t i f i c  Review Panel (SPP), es tab l i shed  by  Pea l th  and Safety 

Code Sect ion 39070, reviewed t h e  r e p o r t  i n  accordance w i t h  Hea l th  and 

Sa fe ty  Code Sect ion 39661, and found t h e  r e p o r t  t o  be w i t h o u t  ser ious  

de f ic iency .  The f i n d i n g s  o f  t h e  SRP a r e  at tached a t  t h e  end o f  t h e  

Execut ive Summary. 



Ethylene ox ide  was chosen f o r  eva lua t ion  because: i t  has been 

i d e n t i f i e d  by the I n t e r n a t i o n a l  Agency f o r  Research on Cancer (IARC) as an 

animal carcinogen and a probable human carcinogen; i t  i s  emi t ted  from 

severa l  sources i n  t h e  s ta te ;  and i t  w i l l  n o t  break down a t  a r a t e  t h a t  

would s i g n i f i c a n t l y  reduce the  r e s u l t i n g  p u b l i c  exposure. 

SOURCES OF ETHYLENE OXIDE 

I n  19E5, almost 3 m i l l i o n  tons o f  e thy lene oxide were produced i n  t h e  

Uni ted States. Cost o f  t h i s  i s  f o r  domestic use. Less than one percent 

o f  t h e  ethy lene ox ide  used i n  t h i s  count ry  i s  imported and approximate ly  

one percent  o f  product ion i s  exported. Product ion i s  expected t o  increase 

a t  a r a t e  o f  approximate ly  s i x  percent per year f o r  the  nex t  several  

years. The major uses o f  ethy lene ox ide  a r e  f o r  the  product ion o f  

chemicals and f o r  s t e r i l i z a t i o n .  Chemicals t h a t  a r e  produced us ing  

e thy lene ox ide  i nc lude  sur fac tan ts ,  e thy lene g lyco l ,  g lyco l  e thers  and 

ethanolamines. I t s  use as a s t e r i l i z i n g  agent i s  mainly f o r  medical and 

food products. A1 though on1 y 0.5 percent o f  the  t o t a l  U.S. usage i s  as a 

s t e r i l i z i n g  agent, t h i s  use accounts f o r  over 90 percent o f  t h e  i d e n t i f i e d  

e thy lene ox ide  emissions i n  C a l i f o r n i a .  

The major i d e n t i f i e d  source categor ies o f  ethylene oxide emissions i n  

C a l i f o r n i a  are ( i n  decreasing order  o f  emission quan t i t i es ) :  

1 ) s t e r i l i z a t i o n  a t  commercial f a c i l i t i e s  and hosp i ta ls ;  

2) fumigat ion o f  foods and spices; 

3) s u r f a c t a n t  manufactur ing f a c i l i t i e s ;  and 

4) e thy lene ox ide d i s t r i b u t i o n  f a c i l i t i e s .  

Combustion o f  hydrocarbons may a l s o  be a s i g n i f i c a n t  source o f  

e thy lene ox ide emissions, b u t  n o t  enough in fo rmat ion  i s  a v a i l a b l e  t o  



e i t h e r  determine if t h i s  cou ld  be the  case, o r  t o  q u a n t i f y  t h i s  source o f  
L 

emissions. 

EXPOSURE TO ETHYLENE OXIDE 

I n  t h e  atmosphere, e thy lene ox ide (EtO) i s  r e l a t i v e l y  s t a b l e  t o  

decomposit ion by  gas phase processes, w i t h  an est imated 1 i f e t i m e *  o f  200 

days o r  longer.** I t s  ac tua l  l i f e t i m e  may be s h o r t e r  due t o  processes 

such as adso rp t i on  onto p a r t i c l e s  o r  reac t i ons  w i t h  a c i d  fog. Plthough 

t h e  r a t e s  f o r  these processes are  d i f f i c u l t  t o  q u a n t i f y ,  t h e  l i f e t i m e  o f  

e thy lene  ox ide  i n  t h e  atmosphere i s  s t i l l  expected t o  be on t h e  o rde r  o f  

a t  l e a s t  severa l  days. Resul ts  from d i spe rs ion  modeling o f  emissions from 

a l l  known sources w i t h i n  an area o f  Los Angeles County i n d i c a t e  t h a t  

n e a r l y  seven m i l l i o n  people were exposed t o  an est imated 

populat ion-weighted annual average concentrat ion*** o f  about 50 p a r t s  per 

t r i l l i o n  ( p p t )  (0.09 ug/m3) o f  ethy lene ox ide  i n  19P5. The maximum 
u 

annual average concent ra t ion  t o  which people were exposed was est imated t o  

3 be 20,000 pp t  (36 ug/m ), near a l a r g e  c o m e r c i a l  emission source. 

Ambient a i r  concent ra t ions  under worst-case meteorological  cond i t i ons  from 

l a r g e  emission sources cou ld  range as h igh  as f o u r  par ts  per m i l l i o n  (7200 

3 ug/m ), on an h o u r l y  basis.  Populat ions exposed t o  such concent ra t ions  

cannot be ca l cu la ted ,  b u t  a r e  expected t o  be v e r y  small. Pode l ing  was 

* Atmospheric l i f e t i m e  i s  de f i ned  as t h e  t ime requ i red  f o r  a o iven 
amount o f  compound t o  decrease l / e  (0.368) o f  i t s  o r i g i n a l  va lue  a t  
t h e  i n i t i a l  time. 

** This es t imate  i s  based on an assumed hydroxyl  r a d i c a l  concent ra t ion  o f  
one m i l  1 i o n  molecules per  cub ic  cent imeter.  

*** The populat ion-weighted annual average concent ra t ion  i s  de f i ned  as t h e  
exposure l e v e l  t o  which t h e  average person i n  an area i s  exposed over 
t h e  course o f  a year, i n  excess o f  any backoround l e v e l .  



used to estimate ambient concentrations and exposure because monitoring 

techniques are currently not sensi t ive  enough to  measure the 

concentrations t o  which the majority of people a r e  probably exposed. 

As a registered economic poison, ethylene oxide i s  regulated by the 

California Department of bod  and Agriculture i n  i ts  use as a s t e r i l i z i n g  

o r  fumigating agent. Therefore, although this report  includes a 

discussion of overall ethylene oxide exposure, emphasis has been placed on 

exposure from distribution and from the manufacturing of surfactants,  

re la t ive ly  minor sources which would be subject  to  regulation by the Air 

Resources Board. From one such source, a d i s t r ibu t ion  f a c i l i t y  i n  Los 

Angeles County. i t  i s  estimated tha t  i n  1985, about a quarter of a million 

people l iv ing  i n  an area of about 25 square miles near downtown Los 

Angeles, were exposed to an annual average ethylene oxide concentration of 

f ive  ppt (0.009 ug/rn3) or  greater. Emissions from tha t  same f a c i l i t y  

a r e  believed t o  have resulted i n  13.000 people being exposed to  an annual 
3 

average ethylene oxide concentration of about 40 ppt (0.07 uglm ) Or 

greater. 

Limited data indicate t ha t  smoking and ingestion may represent 

s ign i f ican t  exposure routes. 

HEALTH EFFECTS O F  EMYLENE OXIDE 

The health effects of ethylene oxide have been reviewed and evaluated 

to  determine whether ethylene oxide meets the def ini t ion of a toxic a i r  

contaminant as  defined by California Health and  Safety Code Section 

39655. Inhaled ethylene oxide is  rapidly dis t r ibuted throughout the 

body. Pcute and chronic exposure leads t o  respiratory t r ac t  i r r i t a t i o n  



and central nervous systen depression, as well as other pathologic 
L 

changes. A t  high doses ethylene oxide can induce dominant lethal  

mutations and cause embryotoxi c i  t y  i n  rodents. One epidemiologic study 

suggested an increase i n  spontaneous abortions due to  ethylene oxide 

exposure. A t  current ambient l eve ls  o f  ethylene oxide estimated i n  this 

report  ( u p  t o  four parts per million o r  7,200 ug/m3, on an hourly 

bas i s ) ,  however, no acute o r  noncarcinogenic chronic e f fec t s  are  

expected. 

Ethylene oxide, presumably due t o  i ts  a b i l i t y  t o  alkylate DNA, causes 

gene mutations i n  both prokaryotic and eukaryotic ce l l s  and leads t o  

s i s t e r  chromatid exchanaes and chromosomal damage, including the formation 

of aberrations and micronuclei. Several types o f  tumors have been induced 

i n  r a t s  by ethylene oxide. Administration of ethylene oxide by gavage 

induced tumors of  the forestomach, i.e., a t  the s i t e  o f  application. 
L 

Inhalational exposure led t o  increases i n  a var ie ty  of tumors. The 

strongest  dose-dependent reponse was seen for  peritoneal mesotheliomas i n  

males and for  mononuclear ce l l  leukemias i n  females. There was a lso an 

increase i n  brain tumors, which a r e  r a r e l y  seen i n  control animals. 

Epidemiologic s tudies  of people occupationally exposed t o  ethylene oxide 

suggest t ha t  this exposure leads t o  increased incidences of  stomach cancer 

and 1 eukemia. 

The International Agency for  Pesearch on Cancer (IARC) concluded t h a t  

there i s  su f f i c i en t  evidence for  the carcinogenicity of ethylene oxide i n  

animals; i n  humans, the evidence for  carcinogenicity i s  limited. Overall, 

based on both the animal and human data ,  IARC considers t ha t  ethylene 



oxide i s  probably carc inogenic i n  people. DHS s t a f f  concurs w i t h  these 

conclusions. I n  add i t i on ,  OHS s t a f f  has found no evidence o f  a th resho ld  

l e v e l  f o r  c a r c i n o g e n i c i t y  o f  ethylene oxide. 

RISK DUE M AMOSPHEFIC ETHYLENE OXIDE 

The DHS s t a f f  recommends t h a t  t h e  range o f  r i s k  f o r  ambient exposure 

t o  e thy lene ox ide  be based on the maximum l i k e l i h o o d  est imate and upper 

95% conf idence l i m i t  p red ic ted  from f i t t i n g  t h e  mul t i s tage model t o  the  

animal data. The range o f  est imated excess 1 i f e t i m e  cancer r i s k s  from 

24-hour-per-day exposure f o r  a l i f e t i m e  t o  average ambient a i rbo rne  

3 concentrat ions,  est imated t o  be 0.09 ug/m (50 ppt) ,  i s  6 t o  8 cases per 

m i l l i o n  persons exposed. These values were a l so  obta ined by EPP i n  i t s  

Heal th Assessment Document f o r  Ethylene Oxide us ing  t h e  same data, When 

t h e  r i s k  model i s  app l ied  t o  the  human epidemiologic  data t o  p r e d i c t  

excess cancers, t h e  p red i c t i ons  are  compati b l e  w i t h  what has ac tua l1  y been 

observed; t h a t  i s ,  the  DHS r t s k  assessment based on animal data i s  

compatible w i t h  the  human epidemiologic evldence. Exposure t o  the  ambient 

3 value o f  0.09 ug/m (5OSppt) ,  est imated by the  A i r  Resources Poard f o r  

an area i n  Los Angeles County, cou ld  r e s u l t  i n  up t o  55 excess l i f e t i m e  

cancers (Upper 95% Confidence L i m i t )  among t h e  7 m i l l i o n  res iden ts  o f  t h a t  

area. I n d i v i d u a l s  exposed t o  the maximum annual average concentrat ion o f  

20.000 ppt (36 ug/m3) f o r  a l i f e t i m e  would have a r i s k  o f  developing 

cancer equal t o  one case per  330 people exposed. 

Several o t h e r  ~ d e l s  proposed f o r  cancer r i s k  es t imat ion  by various 

i n v e s t i g a t o r s  y i e l d e d  an upper l i m i t  range o f  52 t o  417 excess l i f e t i m e  
3 

cancers f o r  7 m i l l i o n  people exposed t o  0.09 ug/m (50 ppt).  



eased on t h e  f indings of  c a r c i n o g e n i c i t y  and t h e  r e s u l t s  o f  t h e  r i s k  

assessment, DHS s t a f f  f i nds  t h a t  ambient e thy lene ox ide  i s  an a i r  

p o l l u t a n t  which may cause o r  c o n t r i b u t e  t o  an increase i n  m o r t a l i t y  o r  an 

increase i n  se r i ous  i l l n e s s ,  o r  which may pose a  present  o r  p o t e n t i a l  

hazard t o  human heal th.  

ALTERNATIVES 

Government Code Sect ion 11 346.14 requ i res  agencies t o  descr ibe  

a l t e r n a t i v e s  t o  t h e  r e g u l a t i o n  considered by the  agency and t h e  agency's 

reasons f o r  r e j e c t i n g  those a l t e r n a t i v e s .  The o n l y  a l t e r n a t i v e  t o  

i d e n t i f y i n g  e thy lene ox ide  as a  t o x i c  a i r  contaminant i s  t o  n o t  i d e n t i f y  

it. ARB s t a f f  i s  n o t  recommending t h i s  a l t e r n a t i v e  because ARB s t a f f  

be l i eves  t h a t  e thy lene ox ide  meets t h e  s t a t u t o r y  d e f i n i t i o n  o f  a  t o x i c  a i r  

contaminant. There a r e  no a l t e r n a t i v e s  considered by  t h e  fPB s t a f f  which 
L 

would be more e f f e c t i v e  i n  c a r r y i n g  o u t  t h e  purpose f o r  which t h e  

r e g u l a t i o n  i s  proposed o r  would be as e f f e c t i v e  and l e s s  burdensome t o  

a f f e c t e d  p r i v a t e  persons than t h e  proposed regu la t ions .  

SUWMARY OF ENVIRONMENTAL IMPACTS OF M E  IDENTIFICATION OF ETHYLENE OXIDE 

AS A TOXIC AIR CONTAMINANT 

The i d e n t i f i c a t i o n  o f  e thy lene ox ide  as a  t o x i c  a i r  contaminant i s  n o t  

i n  i t s e l f  expected t o  r e s u l t  i n  any environmental e f f e c t s .  The 

i d e n t i f i c a t i o n  o f  ethy lene ox ide as a  t o x i c  a i r  contaminant b y  t h e  eoard 

may r e s u l t  i n  the  Eoard and a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s  adop t i ng  t o x i c  

c o n t r o l  measures i n  accordance w i t h  t h e  p rov i s ions  o f  s t a t e  law (Pea l th  



and Safety Code Sections 39665 and 39666). Any such toxic control 

measures would r e su l t  in reduced emissions of ethylene oxide t o  the  

atmosphere, result ing in reduced ambient concentrations, concurrent1 y 

reducing the  health r isk  due t o  ethylene oxide exposure. Therefore, the 

ident i f icat ion of ethylene oxide as a toxic  a i r  contaminant may u l t i r a t e l y  

r e s u l t  i n  environmental benefits. Environmental impacts iden t i f l ed  w i t h  

respect  t o  specf f i c  control measures will be included i n  the  consideration 

o f  such control measures pursuant t o  Health and Safety Code Sections 39665 

and 39666. 



Amend T i t l e s  17 and 26, Cal i forn ia  P.dministrative Code, Section 93000 t o  
read as fol lows: 

93000. Substances Iden t i f i ed  As Toxic A i r  Contaminants. Each substance 
i d e n t i f i e d  i n  t h i s  section has been determined by the s ta te  board t o  be a 
t o x i c  a i r  contaminant as defined i n  Health and Safety Code Section 39655. 
If the s ta te  board has found there t o  be a threshold exposure leve l  below 
which no s i g n i f i c a n t  adverse health e f f ec t s  are ant ic ipated from exposure t o  
the i d e n t i f i e d  substance, t ha t  l eve l  i s  spec i f ied as the threshold 
determination. I f  the board has found there t o  be no threshold exposure 
l e v e l  below which no s ign i f i can t  adverse heal th  e f fec ts  are ant ic ipated from 
exposure t o  the i d e n t i f i e d  substance, a determination o f  "no thresh01 dl' i s  
specif ied. I f  the board has found t h a t  there i s  n o t  s u f f i c i e n t  ava i lab le  
s c i e n t i f i c  evidence t o  support the i d e n t i f i c a t i o n  o f  a threshold exposure 
leve l ,  the "Thresholdn column spec i f ies  "Rone ident i f ied."  

Substance 

Benzene (CgH6) 

Ethylene D i  bromi de 
( B ~ C H ~ C H ~ B ~ ;  

1,2-dibro~ethane) 

Ethylene Dichloride 
(CICH~CH~CI ; 

1,2-dichloroethane) 

Thresh01 d Cetermination 

None i d e n t i f i e d  

None i d e n t i f i e d  

b!one i d e n t i f i e d  

Hexavalent Chromium (Cr(V1)) None i d e n t i f i e d  

Asbestos [asbestiform va r i e t i es  None i d e n t i f i e d  
o f  serpentine (chryso t i le )  
r iebeck i te  (crocidol i t e )  
cummingtoni te-gruneri t e  
(amosi t e )  , tremol i t e .  
ac t i no l  i t e ,  and 
an thophy l l i t e l  

D i  benzo-p-dioxins and 
Dibenzofurans chlor inated 

i n  the 2,3,7 and 8 posi t ions 
and containing 4,5,6 o r  7 
chlor ine atoms 

Cadmium (metal1 i c  cadmium 
and cadmium compounds)* 

Carbon Tetrachloride* 
(CCl4 ; tetrachloromethane) 

Eth lene Oxide 
n-ne 

None i d e n t i f i e d  

None i d e n t i f i e d  

Eone i d e n t i f i e d  

None i d e n t i f i e d  



NOTE: A u t h o r i t y  c i t e d :  Sections 39600, 39601 and 39662, Heal th and Safety 
Code. Reference: Sect ions 39650. 39660, 39661 and 39662, Heal th and Safe ty  
Code. 

*Note: Compounds i d e n t i f i e d  by  an a s t e r i s k  have been i d e n t i f i e d  as t o x f c  a i r  
contaminants by the  A i r  Resources Eoard b u t  no t  y e t  approved by the  O f f i c e  o f  
Pdmin i s t ra t i ve  Law. 



Report o f  the S c l e n t i f l c  Revleu Panel o 
THE REPORT ON ETHYLENE OXIOE 

As adopted a t  the Panel 's Ju ly  7, 1987 Mee 
L 

I n  accordance w i t h  the provisions o f  Health and Safety Code Section 39661, t he  
S c i e n t i f i c  Review Panel (SRP) has reviewed the repor ts  of the s ta f f s  of the PPB 
and OHS on the publ i c  exposure and b io log ic  and heal th  e f f e c t s  of  ethylene 
oxide. and the publ i c  comments on these reports. Based on t h i s  review, the SPP 
f inds  t h a t  the repor ts  are without serious def ic ienc ies and fu r ther  finds tha t :  

1. Ethylene ox ide has been i d e n t i f i e d  as an animal carcinogen and should be 
regarded as a potent ia l  human carcinogen. 

2. Ethylene ox ide i s  emitted i n t o  the a i r  by a v a r i e t y  o f  s ta t ionary sources i n  
Cal i forn ia .  Dispersion modeling of  emissions from a l l  known sources w i t h i n  
an area o f  Los Angeles County indicates t ha t  near ly  7 m i l l i o n  people were 
exposed t o  an estimated population-weighted annual mean concentration of 50 
par ts  per t r i l l i o n  (pp t )  (0.09 ug/m3) o f  ethylene oxide i n  1985. The 
maximum annual average concentration t o  which people were exposed was 
estimated t o  be 20,000 ppt (36 ug/m3) near a l a rge  commercial emission 
source. 

3. Eased s o l e l y  on i t s  gas-phase reac t i v i t y ,  ethylene oxide has an atmospheric 
l i f e t i m e  o f  approximately 200 days. Although possible react ion i n  s o l u t i o n  
o r  on surfaces could shorten t h i s  l i f e t ime ,  based on ava i lab le  s c i e n t i f i c  
evidence, ethylene oxide would s t i l l  have an atmospheric l i f e t i m e  o f  days t o  
weeks. 

4. Adverse hea l t h  e f f ec t s  other than cancer are n o t  known t o  occur a t  pred ic ted 
concentrat ions o f  ethylene oxide i n  ambient outdoor a i r .  

5. Based on ava i l ab le  s c i e n t i f i c  information, an ethylene oxide exposure l e v e l  
below which carcinogenic e f fec ts  are not  expected t o  occur cannot be 
i d e n t i f i e d .  

6. Based on an i n te rp re ta t i on  of ava i lab le  s c i e n t i f i c  evidence by CPS s ta f f ,  
the  range o f  l i f e t i m e  excess cancer r i s k  from exposure t o  0.56 ppb (1 
ug/m3) o f  atmospheric ethylene oxide based on the  best animal estimate o f  
r i s k  and the  upper 95% confidence l i m i t  i s  estimated t o  be 61 t o  88 cases 
per m i l l i o n  people exposed. These upper bound excess l i f e t i m e  r i s k s  are 
hea l th -p ro tec t i ve  estimates; the actual r i s k  i s  l i k e l y  t o  be below these 
values. 

For these reasons, we agree w i th  the ARE s t a f f  recommendation t o  i t s  eoard t h a t  
ethylene oxide be l i s t e d  by the ARB as a t ox i c  a i r  contaminant. 

I c e r t i f y  t ha t  the above i s  a t rue  and co r rec t  
copy o f  the f ind ings  adopted by the S c i e n t i f i c  
R e v i e m l  on Ju ly  7, 1?W. 

Dr.  Thomas E. rack, Pct ing Chairnan 
S c i e n t i f i c  Review Panel 



ERRATUM SHEET 

TECHNICAL SUPPORT DOCUMENT 
REPORT TO THE AIR RESOURCES BOARD ON ETHYLENE OXIDE 

Thls report was considered b y  the California Air Resources Board 
on November 12, 1987. Th'ere Is an error on page 1-13 of Part A 
of the report. Table 1-13, "POSSIBLE EXPOSURE TO ETHYLENE OXIDE 
THROUGH OTHER MEDIA". states thqt the exposure through amblent 
air'exposure at 50 p p t  concentration Is .02 mlcrograms per day. 
Thls should be 2 mlcrograms per day. 

The exposure through amblent alr wzs calculated through an 
equatlon on page E-1 of Appendlx E under the headlng. "AMBIENT 
mu. Thls equatlon conslsts of the 50 p p t  conoentratlon and 
varlous eonverslon factors. yleldlng an exposure. All numbers 
In the calculation are correct except for the result, whlch 
should be 2 mlcrograms per day, not 0.02 micrograms per day as 
stated. 



Sta te  o f  C a l i f o r n i a  
A I R  PESOUPCES POPRF 

TECHFICAL SUPPORT DOCUFfENl 

PUBLIC HEPRING TO CCPSIDER WE 
ADOPTION OF A PEGULAT0P.Y PMENDPENT 

IDENTIFYI#G ETHYLEEE OXIDE AS 
A T I I X I C  A I R  CONTPMIPANT 

Agenda Item No: 87-A 
Scheduled f o r  Considerat ion: November 12, 19P7 

Pelease Pate: September 25, 1987 

(This r e p o r t  has been reviewed by  the  s t a f f  o f  the  C a l i f o r n i a  F i r  Pesources 
Poard and approved f o r  pub l ica t ion .  Approval does n o t  s i g n i f y  t h a t  t h e  
contents necessa r i l y  r e f l e c t  t h e  views and p o l i c i e s  o f  t h e  P i r  Fesources 
Eoard, nor  does r e n t i o n  o f  t rade  names o r  commercial products c o n s t i t u t e  
endorsement o r  recommendation f o r  use.) 
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CVEPVIEV PNC PECOI'NEFPPTICI' 

I. SVVrtPRY 

The s t a f f s  o f  the  P i r  Pesources Poard (FPP) and Pepartment o f  Heal th 

Serv ices (DHS) co l lec ted ,  assessed and i n t e g r a t e d  t h e  a v a i l  ab le  s c i e n t i f i c  

evidence on t h e  presence o f  e thy lene ox ide  i n  t h e  atmosphere o f  C a l i f o r n i a  

and i t s  p o t e n t i a l  adverse e f f e c t s  on p u b l i c  heal th.  This i s  a summary o f  

t h e  i n f o r m a t i o n  presented i n  t h e  r e s u l t i n g  repor t .  

S ta te  law def ines a t o x i c  a i r  contaminant as an a i r  p o l l u t a n t  which 

t h e  F i r  Resources Poard o r  the  Pepartment o f  Food and P g r i c u l t u r e  f i nds  

"way cause o r  con t r i bu te  t o  an increase i n  m o r t a l i t y  o r  an increase i n  

se r i ous  i l l n e s s ,  o r  which may pose a present  o r  p o t e n t i a l  hazard t o  human 

heal th" .  Pased on the  Department o f  Hea l th  Services s t a f f ' s  conclus ion 
- 
-t t h a t  e thy lene ox ide meets t h i s  d e f i n i t i o n ,  t h e  s t a f f  o f  t h e  P i r  Pesources 

Eoard recom~ends t h a t  ethylene ox ide  be i d e n t i f i e d  by the  Poard as a t o x i c  

a i r  contaminant. I n  making t h i s  reconmendation, the  RUB and PHS s t a f f s  

found t h a t  i n s u f f i c i e n t  s c i e n t i f i c  evidence i s  a v a i l a b l e  t o  support t h e  

i d e n t i f i c a t i o n  o f  an exposure l e v e l  below which carc inooenic e f f e c t s  would 

n o t  have some p r o b a b i l i t y  o f  o c c u r r i n g  and recommend t h a t  e thy lene ox ide  

be t r e a t e d  as having no i d e n t i f i e d  th resho ld .  

Ethylene ox ide  was chosen f o r  e v a l u a t i o n  f o r  the  f o l l o w i n g  reasons: 

(1 ) t h e  Uni ted States Environmental p r o t e c t i o n  Agency (EPP.) c l a s s i f i e d  

e thy lene ox ide  i n  Group e l ,  meaning t h a t  e thy lene ox ide  should be 

considered as probably carcinogenic i n  humans; ( 2 )  t h e  I n t e r n a t i o n a l  

Agency f o r  Research on Cancer (IPRC) concluded, based on both  animal and 

human data, t h a t  ethylene ox ide i s  p robah ly  carc inogenic i n  humans; ( 3 )  



ethy lene ox ide i s  emi t ted from many sources throughout the s ta te ;  and ( a )  

experimental  and t h e o r e t i c a l  s tud ies  es tab l  i s h  t h a t  e thy lene ox ide  w i l l  

n o t  break down i n  the atmosphere a t  a r a t e  t h a t  would s i g n i f i c a n t l y  reduce 

t h e  r e s u l t i n g  pub l i c  exposure. 

Kost o f  t he  ethy lene ox ide  em i t t ed  i n  C a l i f o r n i a  i s  emi t ted  from 

s t e r i l i z a t i o n  o f  medical devices and h e a l t h  care products by  medical 

supply  conpanies and hosp i ta ls .  P.dditiona1 ethy lene oxide emissions are 

associated w i t h  f un iga t i on  o f  a g r i c u l t u r a l  products such as spices, 

s u r f a c t a n t  product ion, and d i s t r i b u t i o n  o f  tanks conta in ing  ethy lene 

oxide. 

The o n l y  gas-phase atmospheric removal process which i s  expected t o  be 

s i g n i f i c a n t  f o r  e thy lene ox ide i s  r e a c t i o n  w i t h  the hydroxyl  r ad i ca l .  

Keasurements o f  t h i s  reac t i on  r a t e  constant  l ead  t o  t h e  conclus ion t h a t  

e thy lene ox ide  has an atmospheric l i f e t i m e *  o f  200 days o r  longer.  

Ethylene ox ide i s  a l so  removed from t h e  atmosphere throuch physica l  

processes, such as r a i n  washout and interaction w i t h  a c i d  fog  and a c i d  

r a i n .  Pecause ethy lene ox ide i s  ve ry  v o l a t i l e ,  r a i n  i s  no t  be1 ieved t o  be 

v e r y  e f f e c t i v e  a t  washing i t  out. Furthermore, a c i d  fog and a c i d  r a i n  

cond i t i ons  occur o n l y  a small percentage o f  t he  t ime i n  C a l i f o r n i a .  

However, atmospheric l i f e t i m e  under such cond i t ions  may be s i y n f f i c a n t l y  

s h o r t e r  than 2CG days. 

Eeneral po l ju la t ion  exposures t o  atmospheric ethy lene ox ide were 

est imated by  model ing the emissions o f  e thy lene ox ide from a l l  known 

sources i n  a p o r t i o n  o f  Los Cngeles County f o r  1385. P model inc approach 

* t tmospher ic  l i f c t i ~ : ~ ?  i s  dcf ined as the  t in ip requ i red  f o r  a civen 
amount o f  a compound t o  decrease l / e  ( 0 .36P)  o f  i t s  o r i g i n a l  value a t  
t he  i n i t i a l  t i n e .  



-- was used because the  h ighest  l e v e l s  o f  e thy lene ox ide i n  t h e  ambient a i r  
L 

were a n t i c i p a t e d  t o  be lower than the  c u r r e n t  de tec t i on  l i m i t s  f o r  amhient 

mon i to r i ng  ana lys is ,  b u t  poss ib ly  w i t h i n  t h e  range o f  r i s k s  which cou ld  be 

o f  concern. Using t h i s  modeling approach, t h e  populat ion-wei ghted annual 

average concent ra t ion  was estimated. This concent ra t ion  def ines the  

exposure l e v e l  t o  which the  averaoe per fon i n  an area i s  exposed over t h e  

course o f  a year, i n  excess o f  any background l e v e l .  The CHS u p p e r - l i r i t  

r i s k  es t imate  was m u l t i p l i e d  by t h i s  concentrat ion,  and then app l i ed  t o  

t h e  popu la t i on  i n  t h e  exposed area t o  de tera ine  t h e  number o f  cancer cases 

expected f rom exposure t o  the emission sources. 

!PP s t a f f  e s t i r a t e d  t h a t  i n  ,1985, n e a r l y  seven m i l l  i o n  people i n  the  

Los Pslaeles County s tudy area were exposed t o  a populat ion-weiahted annual 

average e thy lene ox ide concentrat ion o f  about 50 ppt  ( p a r t s  per t r i l l i o n )  - 
'-ii 

3 o r  about 0.09 u p l n  (micrograms per cub i c  meter). rough est imates were 

a l s o  made f o r  o t h e r  urban areas o f  C a l i f o r n i a .  Urban areas w i t h  o n l y  

h o s p i t a l  s t e r i l i z e r  emissions as sources o f  e thy lene ox ide a r e  est imated 

3 
t o  have e thy lene ox ide concentrat ions o f  about 9 ppt  (0.016 ug/n ). 

Estimated concentrat ions o f  ethy lene ox ide  i n  t h e  atmosphere a r e  much 

lower  than those which are  associated w i t h  non-cancer chron ic  aeverse 

h e a l t h  e f f e c t s  o r  acute hea l th  e f f e c t s  observed i n  occt lpat ional  s e t t i n g s  

o r  i n  animal experiments. eecause o f  t h i s ,  and because e thy lene ox ide i s  

thought t o  e x h i b i t  a threshol$ e f f e c t  f o r  non-cancer h e a l t h  e f f e c t s ,  

adverse h e a l t h  e f f e c t s  o ther  than cancer a r e  n e t  expected t o  occur due t o  

i n h a l a t i o n  o f  e thy lene ox ide  a t  c u r r e n t  o r  a n t i c i p a t e d  atmospheric 

concent ra t ions .  



CHS s t a f f  performed a cancer r i s k  assessment based upon the  female r a t  

mononuclear c e l l  leukemia data from the  Sne l l ings  e t  a l .  (19P4) study, 

us ing  the mul t i s tage model. These data were used because they  represent 

the most s e n s i t i v e  sex, s i t e ,  and species f o r  carcinogenic e f fec ts .  The 

cancer r i s k  a t  ambient l e v e l s  was est imated by  e x t r a p o l a t i n r  four  orders 

o f  magnitude from these data, us ing  the  bes t  f i t  o f  the l i n e a r i z e d  

n u l t i s t a g e  model. This model provides a hea l th -p ro tec t i ve  r i s k  e s t i r a t e  

because i t  i s  l i n e a r  a t  low doses. I n  add i t i on .  PHS s t a f f  f i t  several 

o ther  models t o  the data f o r  comparison. 

For the  purpose o f  assessing r i s k s  due t o  ambient ethylene oxide, 

exposure est imates were based on the a i r  modeling data f o r  t h e  Los Pnpeles 

area developed by ARB s t a f f .  ksuming  t h a t  seven m i l l i o n  people are 

3 exposed t o  0.09 ug/a (50  ppt )  ethy lene oxide, the  mu1 t i s t a g e  model 

p red i c t s  an upper 95% confidence l i m i t  o f  55  excess l i f e t i m e  cancer 

cases. Other models have been proposed by var ious i nves t i ga to rs  f o r  

e x t r a p o l a t i n g  from h igh  exposure l e v e l s  t o  low leve l s .  The use o f  these 

o the r  models t o  est imate excess cancers r e s u l t s  i n  a ranoe of 52 t o  417 

excess cancer cases. 

CHS s t a f f  a l s o  examined t h e  c o m p a t i b i l i t y  o f  the  animal-based potency 

f a c t o r  w i t h  the epidemiologic data from two cohorts o f  workers 

occupa t iona l l y  exposed t o  ethylene oxide. The potency f a c t o r  obtained by 

f i t t i n g  the  m u l t i s t a ~ e  model t o  the  r a t  leukemia data was used t o  p r e d i c t  

leukemia deaths among workers exposed t o  e thy lene oxide. The r e s u l t i n g  

p red i c t i ons  were compatible w i t h  the  number o f  leukemia deaths observed i n  

t h e  epidemiolopic s tudies.  



L 11. EVALUPTICK CF ETHYLENE O X I D E  

Ethylene oxide, a c o l o r l e s s  $as a t  r o o r  temperature an6 pressure, i s  

one o f  t h e  25 chemicals o f  h ighes t  p roduct ion  volune i n  t h e  U.S. 

I la tu ra l  sources are  be l i eved  t o  be i n s i g n i f i c a n t .  Plthouah no e thy lene 

ox ide  i s  produced i n  C a l i f o r n i a ,  i t  i s  d i s t r i b u t e d  i n  t h e  s t a t e  f o r  use i n  

manufactur ing su r fac tan ts  (detergents),  and f o r  s t e r i l i z a t i o n  ant? 

fumigat ion. ARB s t a f f  est imates t h a t  about  360 tons o f  e thy lene ox iee  

were emi t ted  i n t o  the  s t a t e ' s  atmosphere i n  19e5, w i t h  no s i g n i f i c a n t  

change i n  annual emission r a t e  s ince  then. 

The use o f  ethy lene ox ide  as a s t e r i l i z i n g  o r  fumigat ing  agent i s  

sub jec t  t o  r e g u l a t i o n  by  the  C a l i f o r n f a  Cepartment o f  Food and 

Rgr i cu l t u re ,  because such use i s  as an economic poison. Therefore, 

- although t h i s  r e p o r t  inc ludes a d iscuss ion  o f  o v e r a l l  e thy lene ox ide  

b exposure, emphasis has been placed on exposure from sources which would be 

sub jec t  t o  r e g u l a t i o n  by the  A i r  Pesources Poard. These sources i nc lude  

t h e  manufactur ing o f  sur factants and t h e  d i s t r i b u t i o n  o f  e thy lene oxide. 

Exposure t o  Ethylene Oxide 

Eenaral popu la t ion  exposure t o  e thy lene ox ide was est imated by 

model ing t h e  emissions from a l l  known sources i n  a p o r t i o n  o f  Los Pngeles 

County. l l s ing  t h i s  approach, i t  i s  est imated t h a t  i n  log5 n e a r l y  seven 

m i l l i o n  people i n  t h e  s tudy  area were exposed t o  a populat ion-weighted 

annual average concentat ion o f  about EO pp t  (C.09 uS/m3) o f  e thy lene 

oxide. About 350,000 o f  these people were exposed t o  an average annual 

concent ra t ion  o f  g rea ter  than 160 ppt  (0.29 up/r3).  S i m i l a r l y ,  t h e  

exposures t o  people r e s i d i n g  near l a r g e  fnd fv idua l  sources o f  e thy lene 



oxide were est imated t o  range up t o  17,COO pp t  (31 ug/m3),'as determined 

by  modeling emissions from these sources. Kaximum short- term 

concentrat ions from such sources under worst-case meteorological  

cond i t ions  are  estimated t o  be rough ly  four  par ts  per  m i l l i o n  (4 ppm o r  

7200 ug/m3). To determine exposures t o  people r e s i d i n g  near sources o f  

ethy lene ox ide  n o t  r e l a t e d  t o  p e s t i c i d a l  uses, PPF modeled emissions from 

two ethy lene ox ide d i s t r i b u t o r s .  P s  the r e s u l t  o f  emissions from one o f  

these, i t  i s  est imated t h a t  about 13,000 people are exposed t o  

concentrat ions greater  than 40 ppt (0.072 up/m3) ethy lene oxide. 

AR@ s t a f f  bel ieves t h a t  an approximation o f  the general populat ion 

exposure i n  most l e s s  populous urban areas can be made by  considerin! o n l y  

the  e f f e c t  o f  h o s p i t a l  emissions on the ca l cu la ted  exposure o f  the  Los 

Pngeles area modeling study. This i s  because hosp i ta l s  tend t o  be the 

major sources o f  emissions f o r  smal ler  urban areas. Ey excluding the 

c o n t r i b u t i o n  due t o  non-hospital  sources i n  the  modeling study, the  

populat ion-weighted annual average ethy lene ox ide concentrat ion due on l y  

t o  h o s p i t a l  emissions was est imated t o  be 9 ppt (0.n16 uc/s3). This i s  

reasonably cons i s ten t  w i t h  the f a c t  t h a t  i n  the  modeling study, hosp i ta l s  

were respons ib le  f o r  rough1 y one-s ix th o f  t h e  o v e r a l l  emissions. 

Pmbient concentrat ions o f  ethylene ox ide  cannot be non i to red  us ing 

cur ren t1  y a v a i l a b l e  techniques. Current de tec t i on  l i m i t s  are around 

3 100,000 ppt  ( l e 0  ug/a ), which i s  several times h igher  than est imated 

annual average ambient concentrat ions. PP.P s t a f f  obta ined data f r o r  a l l  

known p o t e n t i a l  em i t t e rs  o f  ethylene ox ide  w i th i r !  a s i g n i f i c a n t  po r t i on  o f  

Los Er~c~f,lr's Cr111nt.y. API! s t a f f  thvn tlrtt lelrd t.hrsc! fvt!i%cions 1 0  o l ~ t d i l ~  



. . populat ion-weighted annual average ethy lene ox ide concentrat ions f o r  
L 

people who were exposed t o  these emissions. These people were probably 

a l s o  exposed t o  e thy lene ox ide emissions from sources ou ts ide  o f  t h e  

p o r t i o n  o f  Los Pngeles County f o r  which emissions were modeled, b u t  t h a t  

exposure cou ld  n o t  be quan t i f i ed  i n  t h i s  study. A Gaussian a i r  q u a l i t y  

model (ISCST) was used t o  p r e d i c t  the  ethy lene ox ide  concentrat ions f o r  a 

gr idded a r r a y  o f  receptors  one k i l ome te r  apar t ,  u s i n g  m e t e o r o l o ~ i c a l  data 

f o r  a f u l l  year. Only annual average concentrat ions were est imated 

because no shor te r - te rm acute hea l th  e f f e c t s  were an t i c i pa ted .  

I n  general , peak hour1 y concentrat ions est imated through appl i c a t i o n  

o f  t h e  ISCST model agree w i t h  exper imenta l l y  deterp ined values w i t h i n  a 

f a c t o r  o f  three. Agreement should improve as averaping t imes become 

longer.  Therefore, annual averace concentrat ions e s t i v a t e d  throuph - 

iL 
a p p l i c a t i o n  o f  t h i s  model (as obta ined f o r  t h i s  r e p o r t )  should agree t o  a 

s i ~ n i f i c a n t l y  g rea te r  ex ten t .  !!odeled values i n  t h i s  r e p o r t  may d i f f e r  

from what might  be monitored (had mon i to r i ng  been poss ib le )  due t o  

approximations made i n  es t ima t ing  t h e  emission ra tes  from s p e c i f i c  

f a c i l i t i e s ,  which were used as model i n s  inputs. A d d i t i o n a l l y ,  sore 

emission sources cou ld  conceivably n o t  b? known t o  s t a f f .  Cer ta in  

assumptions have been made i n  developing emissions data from p a r t i c u l a r  

sources. For example, i f  a range o f  t ime was repor ted  d u r i n g  which 

emissions might  occur, an average was used f o r  modelin! input.  The t o t a l  

e x t e n t  o f  e r r o r s  r e s u l t i n g  from assumptions such as these, a l thouoh 

be l ieved t o  be smal l ,  i s  d i f f i c u l t  t o  quant i fy .  



Limited data indica te  t h a t  exposures to  e thylene  oxide from smokino 

and inces t ion  may exceed exposures from ambient a i r .  Qnly one research 

c i t a t i o n  e x i s t s  for  c i g a r e t t e  smoke concent ra t ions ,  and only an upper 

bound es t imate  e x i s t s  fo r  poss ib le  d a i l y  in t ake  r a t e s  from food and d r i n k .  

Sources o f  Ethylene Cxide in the  F.tmosphere 

Fthylene oxide i s  emitted from four types of  f a c i l i t i e s  i n  Ca l i fo rn ia ,  

a s  follows i n  descending order  of  emissions: s t e r i l i z a t i o n ,  furnipation, 

s u r f a c t a n t  manufacture, and d i s t r i b u t i o n .  In add i t ion ,  minor emission 

sources e x i s t  w i t h  varyin$ emissions,  and e thylene  oxide i s  a l s o  emit ted 

from combustion processes f o r  which no q u a n t i f i c a t i o n  e x i s t s .  

Foughly t h r e e - f i f t h s  of allanti f i a b l e  e thylene  oxide emissions in 

Ca l i fo rn ia  r e s u l t  from s t e r i l i z a t i o n ,  p r i n c i p a l l y  of  medical devices and 

hea l th  ca re  products. Although most o f  t hese  emissions r e s u l t  from 

i n d u s t r i a l  s t e r i l i z e r s ,  most of  t h e  emi t t i ng  sources a r e  hosp i t a l s .  

V i r t u a l l y  a l l  of t h e  ethylene oxide used i n  t h e  process of 

s t e r i l i z a t i o n  (and a l s o  fumigation) is assumed t o  he emitted t o  t h e  

atmosphere. Fumigation of sp ices  and re1 a t ed  botanical  products i s  

believed t o  r e s u l t  i n  roughly one-third o f  q u a n t i f i a b l e  ethylene oxide 

emissions in Cal i forn ia .  

Less than a ten th  of quan t i f i ab le  emissions i n  Cal i forn ia  a r e  ascr ibed  

t o  non-pest icidal  sources,  s p e c i f i c a l l y ,  t o  s u r f a c t a n t  manufacture and 

d i s t r i b u t i o n  of  ethylene oxide. Post  of  t h e  e thylene  oxide emitted from 

s u r f a c t a n t  manufacturing i s  assumed t o  be f u g i t i v e  emissions from 

equipment l e a k s ,  a1 though minimal data have been co l l ec t ed .  Fost o f  the  



L emissions from d i s t r i b u t i o n  f a c i l i t i e s  r e s u l t  from the  vent in?  o f  r e s i d u a l  

gas from re turned ethy lene ox ide -con ta in ing  c y l i n d e r s  t o  t h e  ambient a i r .  

Environmental Fate o f  Ethylene Oxide 

The most l i k e l y  processes b y  which e thy lene  ox ide  cou ld  be reroved 

from t h e  atmosphere a r e  reac t i ons  w i t h  hydroxyl  rad i ca l s ,  hydro lys is ,  and 

wet depos i t i on  (washout b y  r a i n ) .  Eased on recen t  s tudies,  bo th  the  

r e a c t i o n  w i t h  hydroxyl r a d i c a l s  and h y d r o l y s i s  would s i g n i f i c a n t l y  reduce 

ambient concentrat ions o f  e thy lene ox ide  o n l y  over a per iod  o f  several 

weeks. Washout by  r a i n  i s  n o t  expected t o  be a s i g n i f i c a n t  removal 

process due t o  t h e  appreciable deso rp t i on  r a t e  o f  ethy lene ox ide from 

water so lu t ions .  Ac id ic  f og  occurs i n  c e r t a i n  h e a v i l y  populated areas o f  

- Cal i f o r n i a  , and cou ld  reduce ambient e thy lene  ox ide  concentrat ions by  up 

-L t o  f i v e  percent  i n  those areas, assuming t h a t  ethy lene ox ide i s  destroyed 

whenever t h i s  meteorological  phenomenon occurs. Po s i g n i f i c a n t  pathways 

a r e  be l i eved  t o  e x i s t  f o r  t h e  atmospheric ?enerat ion o f  ethy lene oxide. 

Curinp t h e  s t e r i l i z a t i o n / f u m i g a t i o n  process f o r  medical equipment and 

spices,  e thy lene oxide i s  n o t  o n l y  exhausted d i r e c t l y  t o  the  a r h i e n t  a i r ,  

b u t  can a l s o  be discharged w i t h  wastewat?r t o  l o c a l  sewers. This i s  due 

t o  the  use o f  water-sealed, once-through vacuum purps f o r  evacuat ing 

s t e r i l i z e r s ,  and t h e  absorpt ion o f  e thy lene  ox ide  by  the water. Core 

companies i n  C a l i f o r n i a  r e c e n t l y  i n s t a l l e d  closed-loop systems which can 

e l i m i n a t e  discharges t o  t h e  wastewater. Fthy lene ox ide d isso lved i n  

wastewater i s  probably em i t t ed  i n t o  t h e  ambient a i r  before breakdown by 

hydro1 y s i s  can occur. S p e c i f i c a l l y ,  f o r  common v e l o c i t i e s  o f  sewage f low,  



v.ost o f  the  ethy lene oxide d isso lved i n  wastewater i s  expected t o  , 

evaporate w i t h i n  two mi les o f  the p o i n t  a t  which the ethy lene ox ide was 

introduced. This compares w i t h  an a n t i c i p a t e d  hydro lys is  ( o r  breakdown) 

r a t e  f o r  water [ w i t h  a c i d i t y  o f  t h e  range encountered i n  sewage) on the  

order o f  days. 

The f a t e  o f  ethylene oxide i s  e s p e c i a l l y  important  i n  ma te r i a l s  t h a t  

come i n t o  c lose  contac t  w i t h  people, such as su rg i ca l  equipment, 

pharmaceuticals, and food serv ice  and packaging mater ia ls .  Studies o f  t h e  

f a t e  o f  res idua l  ethylene oxide i n  these ma te r ia l s  have es tab l ished t h a t  

i t  w i l l  degrade o r  evaporate. The in fo rmat ion  from these s tud ies  

i nd i ca tes  t h a t  most o f  the  res idua l  ethy lene ox ide  i s  no lonaer  present i n  

the m a t e r i a l s  a f t e r  a per iod  ranging from hours t o  several days. 

Fon-Cancer Hea l th  E f fec ts  

Pcute, subchronic, and chronfc exposures o f  humans and animals t o  

ethy lene ox ide  have been associated w i t h  a v a r i e t y  o f  noncarcinogenic 

adverse h e a l t h  e f fec ts .  Pcute exposure t o  ethy lene oxide has r e s u l t e d  i n  

a v a r i e t y  o f  adverse e f f e c t s ,  i n c l u d i n g  cen t ra l  nervous system ( C I ' S )  

depression, mucous membrane i r r i t a t i o n ,  r e s p i r a t o r y  t r a c t  i r r i t a t i o n ,  l o s s  

o f  coord ina t ion ,  and convulsions. Fermatol og ica l  e f f e c t s  such as burns 

and a l l e r g i c  react ions have been associated w i t h  ethy lene ox ide exposure. 

These adverse e f f e c t s  occur a t  exposures o f  a t  l e a s t  100 ppm (180,000 

ug/m3), which i s  twenty- f ive t imes h igher  than the maximum f o u r  pprr 

(7,200 ug/m3) s h o r t  term concentrat ion pred ic ted  t o  r e s u l t  from l a r g e  

emission sources under worst-case meteorological  condi t ions.  

Symptoms o f  t o x i c i t y  i n  animals f o l l o w i n g  subchronic exposure t o  

e thy lene ox ide  are s i m i l a r  t o  those r e s u l t i n g  from acute exposure. 



i n c l u d i n g  n e u r o t o x i c i  t y ,  r e s p i r a t o r y  t r a c t  i r r i t a t i o n  and h e r a t o l o y i c a l  
%4 

ef fec ts .  Chronic and subchronic exposure o f  humans t o  ethy lene ox ide  a l s o  

produces symptoms o f  n e u r o t o x i c i t y .  Fol l ow in?  recu r ren t  exposure t o  

moderate t o  h igh  l e v e l s  o f  ethy lene ox ide,  [up t o  500 ppm (900,000 

3 ug/m ) ]  neuro tox ic  e f f e c t s  r e s u l t ,  i n c l u d i n g  i ncoo rd ina t i on ,  d izz iness,  

and per iphera l  neuropathy. 

Fthy lene ox ide has the  p o t e n t i a l  t o  cause adverse reproduct ive  e f f e c t s  

i n  animals. These inc lude f e t a l  t o x i c i t y  and embryo tox i c i t y  i n  ra t s ,  

t e ra togen ic  e f f e c t s  ( s k e l e t a l  mal format ions)  i n  mice, reduc t ion  o f  female 

reproduct ive  p o t e n t i a l  i n  r a t s ,  r e d u c t i o n  o f  f e r t i l i t y  i n  male mice, and 

adverse e f f e c t s  on sperm o f  monkeys. One ep idemio log ica l  s tudy observed 

an assoc ia t i on  between e thy lene ox ide  exposure and an increase i n  

spontaneous abor t ions  i n  h o s p i t a l  s t e r i l i z i n g  s t a f f .  
- 

-\y Even f o r  the maximum fou r  ppm (7,200 ug/m3) h o u r l y  concent ra t ion  

pred ic ted  t o  r e s u l t  from l a r g e  emission sources under worst-case 

meteoro log ica l  cond i t ions ,  no acute o r  non-carcincgenic chron ic  e f f e c t s  

a r e  expected t o  occur. 

Carcinogenic E f fec ts  

Ethylene ox ide  has been found t o  be carc inocen ic  i n  animals f o l l o w i n g  

subcutaneous, o r a l ,  and i n h a l a t i o n  admin is t ra t ion .  Fol lowing o r a l  

admnist rat ion,  ethy lene ox ide produced an increase i n  l o c a l  tumors 

(squamous c e l l  carcinoma o f  t h e  forestomach) i n  ra t s .  Fol lowing 

i n h a l a t i o n ,  e thy lene oxide produced a s i g n i f i c a n t  increase i n  mononuclear 

c e l l  l e u k e r i a  i n  male and female r a t s  and an increase i n  per i tonea l  



mesotheliomas i n  male ra t s .  An increase i n  b r a i n  tumors ( r a r e l y  found i n  

con t ro l  animals) was a l s o  observed i n  male r a t s  exposed t o  ethylene oxide 

by i nha la t i on .  

Epidemiologic evidence has demonstrated an assoc ia t ion  between the 

exposure o f  hurans t o  ethylene ox ide and cancer. Pn excess o f  leukemia 

m o r t a l i t y  has been repor ted  i n  several epidemiological  studies. However, 

these s tud ies  do n o t  provide conclus ive evidence due t o  the  small numbers 

o f  workers s tud ied  and due t o  the possib le exposure o f  the  workers t o  

o the r  carcinoaens. S t i l l  , the studies prov ide some evidence o f  ethylene 

ox ide 's  ca rc inogen ic i t y  i n  humans. 

I n  1985, t h e  I n t e r n a t i o n a l  Agency f o r  Research on Cancer (IAPC) 

concluded t h a t  t he re  i s  s u f f i c i e n t  evidence f o r  the ca rc inogen ic i t y  of  

ethylene oxide i n  animals, and t h a t  t h e  evidence o f  ca rc inogen ic i t y  i n  

humans i s  1 i c i t e d .  Cveral l  , based on both  the animal and human data, IPPC 

considered t h a t  ethy lene ox ide i s  probably carcinogenic i n  humans. PPS 

s t a f f  concurs w i t h  these conclusions. I n  add i t i on ,  the  DHS s t a f f  has 

found no evidence f o r  a carcinogenic th resho ld  l e v e l  f o r  ethylene oxide. 

F isk  Due t o  P.tmospheric Ethylene Oxide 

The OHS s t a f f  used dose-response data from a two-year i n h a l a t i o n  study 

o f  r a t s  ( S n e l l i n ~ s  e t  al., 1984) t o  est imate the carc inooenic r i s k  from 

ambient a i r  exposure t o  ethylene oxide. Female r a t s  exposed t o  10, 33, 

and 100 ppm (correspondin? t o  18,000, 59,000, and 180,000 ugfn 
3 

r e s p e c t i v e l y )  o f  e thy lene ox ide f o r  6 hoursfday, 5 daysfweek f o r  tvro years 

developed mononuclear c e l l  leukemia w i t h  incidences o f  201, 33%. and 3 P P  

respec t i ve l y ,  compared t o  12% i n  the unexposed con t ro l s .  Cancer r i s k  a t  



'L 
ambient l e v e l s  was est imated by  e x t r a p o l a t i n g  f o u r  orders o f  magnitude 

from the  t e s t  l e v e l s  o f  ethy lene o x i d e  us ing  t h e  l i n e a r i z e d  mu l t i s taae  

model. This model produces a h e a l t h - p r o t e c t i v e  r i s k  est imate because i t  

i s  l i n e a r  a t  low doses. 

The range o f  r i s k  values conta ins  several  sources o f  uncer ta in ty :  (1 )  

s t a t i s t i c a l  unce r ta in t y  due t o  t h e  usual  l i m i t e d  number o f  animals t h a t  i s  

p r a c t i c a l  t o  use i n  bioassay, (2) t h e  cho ice  o f  t h e  animal-to-human 

s c a l i n g  f a c t o r ;  ( 3 )  the choice o f  the  e x t r a p o l a t i o n  models; ( 4 )  and t h e  

l a r g e  range o f  ex t rapo la t i on  ( f o u r  o rders  o f  maanitude) from t h e  ethy lene 

ox ide  concentrat ions used i n  t h e  animal experiments t o  c u r r e n t  ambient 

1 eve1 s. 

DHS s t a f f  examined t h e  c o m p a t i b i l i t y  o f  t h e  potency f a c t o r  based on 

t h e  animal data w i t h  the  leukemia m o r t a l i t y  o f  two cohorts  occupa t iona l l y  - 
l~ exposed t o  e thy lene oxide. P red i c t i ons  based on the  DVS r i s k  model were 

v e r y  c lose  t o  the  number o f  observed leukemia deaths. 

The DHS s t a f f  recommends t h a t  t h e  range o f  r i s k  f o r  ambient exposures 

t o  e thy lene ox ide  be based on the  maximum l i k e l i h o o d  est imate p red i c ted  b y  

t h e  m u l t i s t a g e  model and t h e  upper 95% conf idence l i m i t .  The ranoe o f  

est imated excess l i f e t i m e  cancer r i s k s  from cont inuous (24-hour-per-day) 

l i f e t i m e  exposure t o  average ambient a i r b o r n e  concentrat ions,  est imated t o  

3 be about 0.00 u?/m (50 p p t )  i n  t h e  Los Pngeles Pasin, i s  6 t o  R cases 

per  m i l l i o n  persons exposed. With an est imated popu la t ion  o f  7 m i l l i o n  i n  

t h e  Los Anaeles Easin, exposure t o  e thy lene ox ide  cou ld  r e s u l t  i n  56 

excess l i f e t i m e  cancers. For comparison, t h e  DFS s t a f f  used several o t h e r  

models proposed f o r  cancer r i s k  es t ima t ion  by  var ious  i nves t i pa to rs .  



These models produced an upper l i m i t  range o f  52 t o  417 excess l i f e t i r e  

cancers. 

Based on the f ind ings  o f  c a r c i n o g e n i c i t y  and the  r e s u l t s  o f  the r i s k  

assessment, DHS s t a f f  f i nds  t h a t  ambient ethylene ox ide  i s  an a i r  

p o l l u t a n t  which may cause o r  con t r i bu te  t o  an increase i n  m o r t a l i t y  o r  an 

increase i n  ser ious i l l n e s s ,  o r  which may pose a present o r  p o t e n t i a l  

hazard t o  human heal th.  

111. SUWPPY OF E!tVIRONYEFTAL IVPPCTS OF WE IDEFTIFICATIOP PF ETHYLFNE 

OXIDE AS A TPXIC A I R  CONTAEIItIP61 

The i d e n t i f i c a t i o n  o f  ethylene oxide as a t o x i c  a i r  contaminant i s  n o t  

i n  i t s e l f  expected t o  r e s u l t  i n  any environmental e f fec t s .  The 

i d e n t i f i c a t i o n  o f  ethy lene ox ide  as a t o x i c  a i r  contaminant by the Poard 

my r e s u l t  i n  the  Eoard and a i r  p o l l u t i o n  con t ro l  d i s t r i c t s  adopt ing t o x i c  

con t ro l  measures i n  accordance w i t h  the  prov is ions o f  s t a t e  law (Peal th 

and Safe ty  Code Sect ion 39665 and 3966E). Pny such t o x i c  con t ro l  measures 

would r e s u l t  i n  reduced emissions o f  ethylene o r i d e  t o  the  atvosphere, 

r e s u l t i n g  i n  reduced ambient concentrat ions,  concur ren t ly  reducing the  

hea l th  r i s k  due t o  ethylene oxide exposure. Therefore, t h e  i d e n t i f i c a t i o n  

of  ethy lene ox ide as a t o x i c  a i r  contaminant r a y  u l t i s a t e l y  r e s u l t  i n  

environmental benef i ts .  Environmental impacts i d e n t i f i e d  w i t h  respect  t o  

s p e c i f i c  c o n t r o l  measures w i l l  be inc luded i n  the cons idera t ion  o f  such 

con t ro l  measures pursuant t o  Hea l th  and Saety Code Sect ion 39665 and 39666. 



I V .  FEGULATORY BACKGROUFC PND PPOCEDURES 

P i v i s i o n  26, Chapter 3.5 o f  the  Heal th and Safety Code* (PSC) and Food 

and P g r i c u l t u r e  Code Sect ion 14021 e t  seq. s e t  f o r t h  t h e  procedure f o r  

i d e n t i f y i n g  and c o n t r o l l i n g  t o x i c  a i r  contaminants (TACs) i n  C a l i f o r n i a .  

(These p rov i s ions  were enacted i n  September 1983 as Pssembly B i l l  1807, 

Stats.  1983, ch. 1047.) The Department o f  Food and Pgr i cu l  t u r e  i s  

respons ib le  f o r  i d e n t i f y i n g  and c o n t r o l l i n g  TPCs i n  t h e i r  p e s t i c i d a l  

uses. The ARP has a u t h o r i t y  over  TACs i n  a l l  o the r  uses. 

HSC Sect ion 39650 sets f o r t h  the  Leg is la tu re ' s  f i n d i n g  about 

substances which may be TACs. The L e o i s l a t u r e  has declared: 

"That p u b l i c  heal th,  sa fe ty ,  and we l fa re  may be endancrered b y  t h e  

emission i n t o  t h e  ambient a i r  o f  substances which are  determined 

t o  be carc inogenic,  te ra togen ic ,  mutapenic, o r  otherwise t o x i c  o r  

i n j u r i o u s  t o  humans." 

The f i n d i n g s  a l s o  i nc lude  d i r e c t i v e s  on the cons idera t ion  o f  

s c i e n t i f i c  evidence and t h e  bas is  f o r  regu la to ry  act ion.  With respec t  t o  

t h e  c o n t r o l  o f  TPCs, t h e  L e g i s l a t u r e  has declared: 

"That i t  i s  the  p u b l i c  p o l i c y  o f  t h i s  s t a t e  t h a t  emissions o f  

t o x i c  a i r  contaminants should bs c o n t r o l l e d  t o  l e v e l s  which 

prevent  harm t o  the  p u b l i c  health.' 

The L e g i s l a t u r e  has f u r t h e r  declared t h a t ,  "wh i le  absolute and undisputed 

s c i e n t i f i c  evidence may n o t  be a v a i l a b l e  t o  determine the  exact  na tu re  and 

e x t e n t  o f  r i s k  from t o x i c  a i r  contaminants, i t  i s  necessary t o  take  a c t i o n  

t o  p r o t e c t  p u b l i c  health.* 

* Heal th and Safe ty  Code Sect ion 39665; a l l  s t a t u t o r y  references a r e  t o  
t h e  Hea l th  and Safety Code except as otherwise stated.  



I n  the eva lua t ion  of a substance, the  Lea is la tu re  has declare6 t h a t  

the best  a v a i l a b l e  s c i e n t i f i c  evidence, gathered from both pub l i c  apencies 

and p r i v a t e  sources i nc lud ing  indus t ry ,  should be used. The Lep is la tu re  

has a l so  determined t h a t  t h i s  in fo rmat ion  should be reviewed by a  

s c i e n t i f i c  review panel and by the  pub l ic .  

The Poard's determinat ion o f  whether o r  n o t  a  substance i s  a  t o x i c  a i r  

contaminant inc ludes several steps s p e c i f i e d  by  the HSC. F i r s t ,  PPE s t a f f  

requests the DHS t o  evaluate the  hea l th  e f f e c t s  o f  a  substance (Sect ion 

39660). The eva lua t ion  includes a  comprehensive review o f  a l l  ava i l ab le  

s c i e n t i f i c  data. Upon r e c e i p t  o f  a  r e p o r t  on hea l th  e f f e c t s  from CVS and 

i n  cons idera t ion  o f  t h e i r  recommendations, t h e  FGe s t a f f  prepares and 

submits a  r e p o r t  t o  the  S c i e n t i f i c  Review Panel (SRP) f o r  i t s  review 

(Sect ion 39661). The r e p o r t  cons is ts  o f  t h e  DPS r e p o r t  (Pa r t  F) ,  r a t e r i a l  

prepared by the CPC s t a f f  on the use, emissions and a rb ien t  concentrat ions 

o f  t h e  substance (Pa r t  P), and pub l i c  comments on the  d r a f t  Peport and 

Responses (Par t  C). It serves as the  basis  f o r  f u tu re  regu la to ry  a c t i o n  

by t h e  Eoard. The r e p o r t  i s  a l so  made a v a i l a b l e  t o  the pub l ic ,  which may 

make comments on t h e  r e p o r t  before i t  i s  submitted t o  the SRP. 

A f t e r  r e c e l v i n a  the  SPP's w r i t t e n  f i n d i n c s  t h a t  t h e  r e p o r t  i s  not  

s e r i o u s l y  d e f i c i e n t ,  the Eoard issues a  p u b l i c  hearing n o t i c e  and a  

proposed r e g u l a t i o n  i d e n t i f y i n g  the  substance as a  t o x i c  a i r  contaminant. 

If, a f t e r  a  p u b l i c  hear ing and o the r  procedures t o  comply w i t h  Government 

Code Sect ion 1134C e t  seq., the eoard determines t h a t  a  substance i s  a  

t o x i c  a i r  contaminant, i t s  f ind ings  must be s e t  f o r t h  i n  a  regu la t i on  

(Sect ion 39062). The HSC a lso  sets f o r t h  procedures f o r  developin9 and 

adopt ing c o n t r o l  measures f o r  substances i d e n t i f i e d  as TACs (Sect ions 

39665-39667). 



Rased on t h e  f i n d i n g s  o f  c a r c i n o g e n i c i t y  and t h e  r e s u l t s  o f  the  r i s k  

assessment, the  DHS s t a f f  f i nds  t h a t  e thy lene ox ide  meets the  d e f i n i t i o n  

o f  a  t o x i c  a i r  contaminant. The s t a f f  o f  t h e  P i r  Resources Poard, 

therefore, recommends t h a t  ethy lene o x i d e  be i d e n t i f i e d  by  the  Eoard as a  

t o x i c  a i r  contaminant. I n  making t h i s  recommendation, t h e  PRB and CPS 

s t a f f s  f i n d  t h a t  a v a i l a b l e  s c i e n t i f i c  evidence i s  n o t  s u f f i c i e n t  a t  t h i s  

t ime t o  suppor t  t h e  i d e n t i f i c a t i o n  o f  an exposure l e v e l  below which 

carc inogenic e f f e c t s  would n o t  have some p r o b a b i l i t y  o f  occurr ing,  and 

recommend t h a t  e thy lene ox ide  be t r e a t e d  as havino no i d e n t i f i e d  threshold.  
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INTRCCUCTION . 
L 

Ethylene o x i d e  i s  a co lo r l ess ,  odor less gas w i t h  empi r ica l  formula 

C2HqC. This s imple epoxide i s  an important  i n d u s t r i a l  chemical used i n  

s t e r i l i z a t i o n  and manufactur ing processes i n  C a l i f o r n i a .  It i s  emi t ted  i n t o  

the  atmosphere from ( i n  descending o rde r  o f  emission q u a n t i t i e s ) :  

s t e r i l i z a t i o n  use, fumigat ion  use, use i n  manufactur ing su r fac tan t ,  and 

d i s t r i b u t i o n  processes. Eased upon i t s  gas-phase atmospheric r e a c t i v i t y ,  

e thy lene ox ide  has an est imated l i f e t i m e  o f  200 days o r  longer. Based on 

l i m i t e d  data, exposures r e s u l t i n g  from smoking and i nges t i on  may be g rea te r  

than exposures t o  e thy lene ox ide  from ambient a i r .  

This r e p o r t  i s  an assessment o f  p u b l i c  exposure t o  atmospheric e thy lene 

ox ide  i n  C a l i f o r n i a ,  and inc ludes  i n fo rma t ion  on t h e  amount emi t ted,  manner o f  

usage, and pers is tence i n  t h e  atmosphere. Community exposures and exposures 
- 
jY 

o f  people l i v i n g  near l a r g e  sources o f  e thy lene ox ide  were determined from 

modeling t h e  d i spe rs ion  o f  emissions from these sources. D i r e c t  measurements 

o f  ambient l e v e l s  cou ld  n o t  be made because c u r r e n t  mon i to r i ng  methods a r e  n o t  

s e n s i t i v e  enough t o  d e t e c t  e thy lene ox ide  a t  a n t i c i p a t e d  ambient 

concentrat ions.  Emission data f o r  d i spe rs ion  modeling were obta ined from t h e  

operators o f  i n d u s t r i a l  f a c i l i t i e s  and h o s p i t a l s  which use ethy lene oxide. 

Thls r e p o r t  a l s o  i nc ludes  a review o f  chemical and physical  p rope r t i es  o f  

e thy lene ox ide  used t o  determine emissions and atmospheric fa te.  Also 

inc luded i s  a comprehensive d iscuss ion  o f  t h e  atmospheric chemist ry  and 

poss ib le  atmospheric removal processes o f  ambient ethy lene oxide. 

As a r e g i s t e r e d  economic poison (pes t i c i de ) ,  e thy lene ox ide  i s  regu la ted  

by  t h e  C a l i f o r n i a  Department o f  Food and A g r i c u l t u r e  i n  i t s  use as a 

s t e r i l i z i n g  o r  f um iga t i ng  agent. Therefore, a l though t h i s  r e p o r t  inc ludes  a 

L 



d iscuss lon  o f  o v e r a l l  e t h y l e n e  o x i d e  exposure,  emphasis has been p laced on 

exposure a t t r i b u t a b l e  t o  sources ( d i s t r i b u t i o n  processes and s u r f a c t a n t  

manufactur ing)  which would be s u b j e c t  t o  r e g u l a t i o n  hy t h e  A i r  Resources Poard. 



I. PUBLIC EXPOSURE TO ETHYLENE OXIDE 
L 

General popu la t ion  ( o r  community) exposure t o  ethy lene ox ide was est imated 

by modeling the  emissions o f  e thy lene ox ide  from a l l  known sources i n  a 

p o r t i o n  o f  Los Angeles County. A model ing approach was used because the  

h ighes t  l e v e l s  o f  ethy lene ox ide  a n t i c i p a t e d  t o  be found i n  t h e  ambient a i r  

a r e  about 20,000 p a r t s  per  t r i l l i o n  ( p p t ) *  and cu r ren t  de tec t i on  l i m i t s  f o r  

ambient mon i to r ing  analyses a r e  g r e a t e r  than 100,000 ppt. U n t i l  a more 

s e n s i t i v e  method f o r  d e t e c t i n g  ambient e thy lene ox ide i s  developed, d i spe rs ion  

modeling o f  emission sources w i l l  remain t h e  best  approach f o r  es t imat ing  

ambient ethy lene ox ide  concentrat ions.  Using t h i s  modeling approach, i t  i s  

est imated t h a t  i n  1985 n e a r l y  seven m i l l i o n  people i n  t h e  study area were 

exposed t o  a populat ion-weighted annual average concent ra t ion  o f  about 50 ppt  

o f  ethy lene oxide. This i s  t h e  exposure l e v e l  t o  which t h e  average person i n  
- 

b 
t h e  area i s  exposed, i n  excess o f  any background l e v e l .  

S i m i l a r l y ,  the  exposures t o  people r e s i d i n g  near l a r g e  i n d i v i d u a l  sources 

have been est imated by  modeling t h e  emissions from some o f  these sources. 

Annual exposures f o r  people l i v i n g  near  l a r g e  i n d i v i d u a l  sources o f  e thy lene 

ox ide were est imated t o  range from 2,400 t o  17,000 ppt. Maximum one-hour 

concentrat ions under worst  case meteoro log ica l  cond i t ions  from such sources 

are  est imated t o  be approximate ly  f o u r  p a r t s  per  m i l l i o n .  O f  t h e  sources o f  

e thy lene ox ide  n o t  r e l a t e d  t o  p e s t i c i d a l  uses, emissions from one d i s t r i b u t o r  

o f  ethy lene ox ide cy l i nde rs ,  when modeled, resu l ted  i n  the  est imated exposure 

i n  1985 o f  approximately 13,000 people t o  concentrat ions g rea te r  than 40 p p t  

* 1.000 par ts  per t r i l l i o n  equals one p a r t  per  b i l l i o n ,  which f o r  ethy lene 
ox ide  equals 1.8 micrograms per  cub i c  meter. 



ethylene oxide. L imi ted  data i n d i c a t e  t h a t  exposures t o  ethylene oxide from 

smoking and i nges t i on  may exceed general popu la t ion  exposures from ambient a i r .  

I n  general, peak hou r l y  concentrat ions est imated through app l i ca t i on  o f  

the  ISCST model (used i n  t h i s  r e p o r t )  agree, w i t h i n  a f a c t o r  o f  three, w i t h  

. short- term concentrat ions exper imenta l ly  determined. ARB s t a f f  be l ieve  t h a t  

as the  averaging t imes lengthen, the c o r r e l a t i o n  improves. Thus, the annual 

average concentrat ions estimated through a p p l i c a t i o n  o f  t h i s  model (as 

est imated f o r  t h i s  r e p o r t )  are expected t o  be we l l  w i t h i n  a f a c t o r  o f  three o f  

the  ac tua l  concentrat ion r e s u l t i n g  from i d e n t i f i e d  emissions. Modeled values 

i n  t h i s  r e p o r t  may otherwise d i f f e r  from what mfght have been monitored (had 

moni to r ing  been poss ib le )  due t o  approximations made i n  es t imat ing  the 

emission ra tes  o r  t imes from s p e c i f i c  f a c i l l t i e s ,  which were used as modeling 

inputs.  For example, i f  a f a c i l i t y  repor ted a range o f  t ime over which 

ethy lene ox ide  might  be released, the  average was used. Add i t i ona l l y ,  some 

emission sources could conceivably no t  be known t o  s t a f f .  Estimates o f  e r ro rs  

i n  emission est imates, al though bel ieved t o  be smal l ,  are d i f f i c u l t  t o  

quant i fy.  

The f o l l o w i n g  sect ion.  Sect ion A, presents a d iscussion o f  exposure t o  

est imated ambient l e v e l s  o f  ethylene oxide. Est imates were based on emissions 

from a l l  known sources o f  ethylene oxide i n  a p o r t i o n  o f  Los Angeles County. 

Sect ion B i nc ludes  est imates o f  exposure near emission sources o f  ethylene 

oxide. This s e c t i o n  gives estimated exposures o n l y  f o r  sources t h a t  would be 

under t h e  A i r  Resources Board's (ARB'S) j u r i s d i c t i o n .  Sect ion C includes a 

d iscuss ion  o f  rou tes  o f  exposure t o  ethylene ox ide o the r  than from the  ambient 

atmosphere. 



A. AMBIEKT A I R  EXPOSURE - 
t Because moni tor ing data cannot be obtained f o r  ambient concentrations, the 

ARB s t a f f  modeled the emissions from a l l  known sources o f  ethylene oxide 

w i t h i n  an area o f  Los Angeles County. The r e s u l t s  o f  t h i s  analys is  provide an 

approximation o f  the r e s u l t s  which might be achieved i f  an ambient moni tor ing 

network had been set  up i n  t h a t  area. The modeling study estimates exposures 

r e s u l t i n g  from both non-pest ic idal uses t h a t  could be regulated by the  ARB, 

and pes t i c i da l  uses t h a t  could be regulated by the  Department o f  Food and 

Agr icu l ture.  The r e s u l t s  o f  t h i s  ana lys is  a l l ow  an assessment o f  the r i s k  

from ethylene oxide exposure i n  the ambient a i r  f o r  a por t ion  o f  the South 

Coast A i r  Basin. Based on the r e s u l t s  o f  t h i s  study, an estimate was a lso 

made o f  statewide exposure. 

To est imate ambient exposure t o  ethylene oxide, the ARB s t a f f  modeled 

- ethylene oxide emissions from a l l  known sources w i t h i n  a major por t ion  o f  Los 

* Angeles County f o r  1985. This area, c a l l e d  the inventory area, included 

ethylene oxide emissions from 55 hospi ta ls .  one l a r g e  commercial s t e r i l i z a t i o n  

f a c i l i t y ,  and two compressed gas repackaging f a c i l i t i e s .  The de ta i l ed  

inventory f o r  t h i s  area included emission rates and times o f  release. Because 

s i g n i f i c a n t  concentrations from the  inventory  area disperse beyond the 

inventory area boundaries, exposures were estimated f o r  a l a r g e r  rectangular 

area ca l l ed  the exposure area (see Figure 1-1). The ambient concentrations o f  

ethylene oxide i n  the exposure area could be greater  than t h a t  predicted by 

t h i s  modeling e f f o r t  due t o  emissions d ispers ing  i n t o  the exposure area from 

sources located outs ide o f  the inventory  area. 

The modeling study ind ica tes  t h a t  the  approximately seven m i l l i o n  people 

i n  the  exposure area were exposed t o  a population-weighted annual mean 

I-? 



Figure 1-1 

MAP OF ETHYLENE OXIDE MODELING AREA 



- ethylene ox ide concent ra t ion  o f  about 50 pp t  i n  1985. Approximately 50 
ii 

percent o f  the  modeled area 's  res iden ts  (3.5 m i l l i o n )  were exposed t o  a t  l e a s t  

t h i s  annual concentrat ion. The most exposed 5 1  o f  t h e  popu la t ion  (about 

350,000 o f  these people) were exposed t o  an average annual concent ra t ion  o f  

g rea ter  than 160 ppt. F igure '  I-2A shows t h e  modeled ambient concentrat ions o f  

e thy lene ox ide  i n  t h e  exposure area, and Figure 1-28 shows t h e  popu la t ion  

d i s t r i b u t i o n  i n  t h e  s tudy  area inc luded i n  t h e  modeling ana lys is .  

Data supp l ied  by t h e  h o s p i t a l s  and by  t h e  t h r e e  o t h e r  f a c i l i t i e s  were used 

t o  determine emissions from each f a c i l i t y  i n  the  i nven to ry  area. The Gaussian 

a i r  q u a l i t y  model I n d u s t r i a l  Source Complex Short Term (ISCST) was used t o  

p r e d i c t  populat ion-weighted annual average ethy lene ox ide  concentrat ions f o r  a 

g r idded a r r a y  o f  receptors  spaced one k i l ome te r  apart .  A l l  o f  t h e  

non-hospital  sources, and 49 o f  t h e  55 hosp i ta l s ,  were modeled us ing  
- 

_+ meteoro log ica l  data measured a t  t h e  Los Angeles I n t e r n a t i o n a l  A i r p o r t  du r ing  

1978. This year  was se lec ted  because i t  i s  the  most recent  year  f o r  which 

h o u r l y  readings a r e  a v a i l a b l e  and i t  a l s o  represents a poor yea r  i n  terms o f  

pol  1 u t a n t  d i spe rs ion  throughout t h e  South Coast A i r  Basin. The remaining s i x  

hosp i ta l s ,  a l l  l oca ted  near t h e  southern edge o f  t h i s  i n v e n t o r y  area, were 

modeled us ing  meteorological  data measured a t  Long Beach A i r p o r t  i n  1962. For 

t h e  exposure est imates, t h e  popu la t i on  conta ined i n  each one k i l ome te r  square 

g r i d  c e l l  was assumed t o  be exposed t o  t h e  ethy lene ox ide  concent ra t ion  

est imated f o r  t h e  recep to r  node l oca ted  a t  t h e  cen te r  o f  t h e  c e l l .  A d e t a i l e d  

d e s c r i p t i o n  o f  t h e  data co l l ec ted ,  t h e  methods used and t h e  r e s u l t s  of the  

model ing ana lys i s  a r e  g iven i n  Appendix C. 



FIGURE 1-21 

ETHYLENE OXIDE CONCENTRATIONS IN THE EXPOSCX APSA PRO14 ALL SO'JRCES 
IN TBE I I m ? y O E Y  AXEX a 

FIGURE I-2B 

1985 POPULATION DISTRIBUTION IN TEE EXPOSURE AREA 
(thousands people/cell)  



ARB s t a f f  be l ieves  t h a t  a rough approximat ion o f  t h e  general popu la t ion  - 
t 

exposure i n  o t h e r  urban communities can be made by cons ider ing  o n l y  t h e  e f f e c t  

o f  h o s p i t a l  emissions on t h e  c a l c u l a t e d  exposure o f  the  modeling study. This  

i s  because h o s p i t a l s  tend t o  be t h e  major  sources o f  ethy lene ox ide  emissions 

f o r  most urban areas. By exc lud ing  t h e  c o n t r i b u t i o n  due t o  t h e  t h r e e  

non-hospi ta l  sources i n  t h e  exposure area, t h e  populat ion-weighted annual 

average e thy lene ox ide  concent ra t ion  f o r  t h e  exposure area due o n l y  t o  

emissions from h o s p i t a l s  was est imated t o  be 9 ppt. This es t imate  cou ld  be 

e i t h e r  an overest imate o r  an underest imate o f  t h e  ac tua l  populat ion-weighted 

exposure because several f a c t o r s  which were n o t  amenable t o  q u a n t i f i c a t i o n  

were n o t  accounted f o r  i n  making t h i s  est imate. Factors which would tend t o  

make t h i s  an overest imate a r e  t h e  over - representa t ion  o f  l a r g e  h o s p i t a l s  i n  

t h e  i n v e n t o r y  area, t h e  use o f  meteoro log ica l  data f o r  a year  w i t h  poor 

-'v dispers ion ,  and t h e  h igh  popu la t ion  d e n s i t y  i n  t h e  exposure area. Factors 

which would tend t o  make t h i s  an underest imate a r e  t h e  exc lus ion  o f  i n d u s t r i a l  

sources, and t h e  exc lus ion  o f  emissions which d isperse  i n t o  t h e  exposure area 

from h o s p i t a l s  l oca ted  outs ide  the  i n v e n t o r y  area. Appendix G conta ins  a more 

d e t a i l e d  d iscuss ion  o f  the  u n c e r t a i n t i e s  i nvo l ved  i n  making t h i s  estimate. 

F igure  I-3A shows the  modeled e thy lene ox ide  concentrat ions due t o  h o s p i t a l  

emissions, w h i l e  Figure 1-36 aga in  shows t h e  popu la t i on  d i s t r i b u t i o n  i n  t h e  

South Coast exposure area. 

B. EXPOSURE CLOSE TO SOURCES 

To evaluate exposure t o  e thy lene o x i d e  experienced by  people l i v i n g  i n  

c l o s e  p r o x i m i t y  t o  emission sources, t h e  exposure r e s u l t i n g  from emissions 

from a number o f  i n d u s t r i a l  users o f  e thy lene ox ide  was determined. O f  



Figure I - 3 ~  

ANNUAL ETHYLENE OXIDE CONCENTRATIONS FROM W HOSP.ITALS 
I N  THE INVENTORY AREA 

Figure I-3B 

1985 POPULATION DISTRIBUTION I N  T m  EXPOSURE AREA 
. . 
(thousands p e o p l e / c e l l )  



p a r t i c u l a r  concern t o  ARB i s  the  exposure r e s u l t i n g  from non-pes t ic ida l  uses 
V 

o f  e thy lene oxide, which a r e  sub jec t  t o  ARB'S j u r i s d i c t i o n  f o r  c o n t r o l  measure 

development under AB 1807. Ethylene ox ide  d i s t r i b u t i o n  f a c i l i t i e s  a r e  t h e  

p r i n c i p a l  non-pes t ic ida l  emission sources i n  Ca l i f o rn ia .  

To es t imate  t h e  exposure from e thy lene ox ide  d i s t r i b u t o r s ,  ARB used a 

d i spe rs ion  model t o  est imate exposure f rom two f a c i l i t i e s  i n  t h e  Los Angeles 

area. Both f a c i l i t i e s  were inc luded i n  t h e  ambient exposure ana lys i s  

presented i n  Sect ion A. The major source o f  emissions from each o f  t h e  two 

f a c i l i t i e s  i s  t h e  d isposal  o f  r e s i d u a l  gas i n  ethy lene ox ide-conta in ing  

compressed gas c y l i n d e r s  returned f o r  r e f i l l i n g .  Modeling s tud ies  were 

conducted f o r  two o f  the  f i v e  ethy lene ox ide  d i s t r i b u t i o n  f a c i l i t i e s  l oca ted  

i n  C a l i f o r n i a .  

Tab1 e 1-1 presents the  est imated 1985 incremental and cumulat ive e thy lene 
- 
-L oxide exposure d i s t r i b u t i o n s  f o r  each o f  these two f a c i l i t i e s  i n  t h e  South 

Coast A i r  Basin, as obta ined by conduct ing ISCST modeling o f  emissions from 

t h e  two compressed gas d i s t r i b u t i o n  f a c i l i t i e s .  The emissions from each 

source a r e  est imated t o  have r e s u l t e d  i n  ethy lene ox ide  exposures t o  about 

f i v e  m i l l i o n  res idents .  Figures 1-4 and 1-5 present  exposure curves de r i ved  

from t h e  cumulat ive popu la t ion  exposure es t imate  i n  Table 1-1. L i q u i d  

Carbonic Corp. emissions are  est imated t o  have l e d  t o  8,000 people be ing  

exposed t o  an annual average concent ra t ion  o f  40 p p t  o r  higher;  and from MG 

I n d u s t r i e s  emissions, 13,000 people a r e  est imated t o  have been exposed t o  40 

pp t  o r  h igher .  

Appendix D presents p i c t o r i a l  representa t ions  o f  the  s p a t i a l  d i s t r i b u t i o n s  

o f  concent ra t ions  due t o  emissions from t h e  two d i s t r i b u t o r s ,  as w e l l  as t h e  

r e s u l t a n t  popu la t i on  exposure. The appendix a l s o  inc ludes a d iscuss ion  o f  



Table 1-1 

EXPOSURE DISTRIBUTION DUE TO TWO ETHYLENE OXIOE 

DISTRIBUTION FACILITIES FOR 1985 

Annual Populat ion Exposed 

Exposure Range 

w 
5 - 10 

1 0 -  20 

20 - 30 

3 0 -  40 

40 - 50 

5 0 -  60 

60 - 70 

70 - 80 

80 - 90 

90 - 100 

100 - 110 

L i q u i d  Carbonic Corp 

Incremental Cumulative 

53,696 88,353 

20,806 34.65 7 

5,387 13.751 

0 8,364 

6,925 8,364 

0 1,439 

0 1,439 

0 1,439 

0 1,439 

0 1,439 

1.439 1,439 

MG I ndus t r i es  

Incremental Cumulative - 
140,749 253,258 

65,604 11 2,609 

21,518 47,005 

12,002 25.487 

4,291 1 3,485 

5,036 9,194 

0 4,158 

0 4 ,I 58 

0 4,158 

4,158 4,158 

To ta l  Exposed Population: 5,032,517 4,904,695 
(4,944,164 people exposed t o  (4,651,437 people exposed t o  
concentrat ions greater  than concentrat ions greater  than 
0 pp t  bu t  l e s s  than 5 pp t )  0 ppt but l ess  than 5 pp t )  



CUMULATIVE POPULATION EXPOSED TO ETO 
FIGURE 1-4, UQUlD CARBONIC, 1985 
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model i n g  data, methods and resu l t s .  

Table 1-2 presents estimates o f  t h e  population-weighted 1985 average and 

upper f i v e  p e r c e n t i l e  ethylene ox ide concentrat ions from t h e  two d i s t r i b u t i o n  

f a c i l i t i e s .  

Table 1-2 

POPULATION WEIGHTED ANNUAL AVERAGE AN0 
UPPER FIVE PERCENTILE ETHYLENE OXIDE CONCENTRATIONS 

FOR STUDY AREA 

Upper 
Mean 5% Study Area 

Source ( pp t  ) (pp t )  Populat ion 

L i q u i d  Carbonic Corp. 0.8 4.8 5,000.000 

NG I n d u s t r i e s  1.6 10.0 4,900,000 

Note: Populat ion numbers have been rounded o f f  t o  two s i g n i f i c a n t  f igures .  - 
The maximum annual concentrat ion a t  any receptor  downwind from L i q u i d  

Carbonics, Inc. i s  about 103 ppt,  wh i l e  the  maximum annual concentrat ion due 

t o  KG I n d u s t r i e s  i s  about 04 ppt. These concentrat ions are i n  a d d i t i o n  t o  any 

background concentrat ions,  o r  con t r i bu t i ons  from o the r  sources. 

A d e t a i l e d  d iscussion o f  exposure t o  ethylene ox ide  due t o  emissions from 

p e s t i c i d a l  sources i s  presented i n  Appendix D. 

C. EXPOSURE THROUGH OTHER MEDIA 

Although the  pr imary focus o f  t h i s  r e p o r t  i s  ambient a i r  exposure t o  

ethy lene oxide, exposure could a l so  occur from inges t i on  o f  ethylene ox ide 

found i n  d r i n k i n g  water and food products, and from smoking. The in fo rmat ion  

a v a i l a b l e  f o r  e thy lene oxide i n  these o the r  media i s  very l i m i t e d ,  and t h e  

data bdses d i f f e r  g rea t l y .  Table 1-3 attempts t o  compare possib le exposures 

from these sources. 



POSSIBLE EXPOSURE TO ETHYLENE OXIDE 
THROUGH OTHER MEDIA 

Route - 
Ambient a i r  i n h a l a t i o n  
Food i n g e s t i o n  
Tobacco smoke i n h a l a t i o n  

J 

Exposure 
(micrograms per  day) 

.02 ug/day (@ 50 pp t  conc.) 
10 ug/day (upper l i m i t )  
140 uglday ( f o r  smoker) 

Notes : 

1 )  No es t imate  i s  a v a i l a b l e  f o r  exposures which may occur from d r i n k i n g  water 
o r  from b rea th ing  e thy lene ox ide  o f f -gass ing  from fumigated products. See 
t e x t  f o r  f u r t h e r  discussion. 

2 )  Assuming t h e  v a l i d i t y  o f  one s tudy  (Binder and Linder,  1972). ARB s t a f f  
c a l c u l a t e d  t h a t  people who smoke one pack of c i g a r e t t e s  per  day a r e  
exposed t o  approximate ly  140 micrograms (ug) per  day from t h e  snoke. 

3 )  No o t h e r  man-made sources o f  e thy lene ox ide emissions were i d e n t i f i e d  and 
no s i g n i f i c a n t  na tu ra l  sources of ethy lene'  ox lde  a r e  known. 

- 4 )  See Appendix E f o r  c a l c u l a t i o n s  o f  i n h a l a t i o n  and i n g e s t i o n  rates.  

-L 
According t o  t h e  Nat ional  Toxicology Program (NTP, 1985), "Based on i t s  

presence i n  food, food add i t i ves ,  o r  food packaging, p o t e n t i a l  d a i l y  i n t a k e  o f  

e thy lene ox ide  per  person i n  t h e  Uni ted States has been est imated t o  be ten  

micrograms (FDA communication)." The t e n  microgram est imate i s  n o t  based on 

any experimental  measurements, b u t  was ca l cu la ted  by assuming an upper bound 

t o  poss ib le  e thy lene ox ide concentrat ions i n  food. See Appendix E f o r  d e t a f l s  

and c a l c u l a t i o n s .  

Of f -gass ing  from spices fumigated w i t h  ethy lene ox ide  represents t h e  o n l y  

i d e n t i f i e d  source o f  indoor  a i r  exposure. This exposure i s  n o t  l i k e l y  t o  be 

s i g n i f i c a n t  f o r  the  f o l l o w i n g  reasons. f i r s t ,  consumers use and stock a t  home 

r e l a t i v e l y  smal l  q u a n t i t i e s  o f  spices. Second, EPA r e s t r i c t s  e thy lene ox ide  

res idues i n  ground spices t o  50 ppm o r  l e s s  upon l e a v i n g  the  packing f a c i l i t y  

L 



(21 CFR 193.200(~)) .  Third, as discussed i n  Sect ion 11, ethylene oxide 

v o l a t i l i z e s  r e l a t i v e 1  y r a p i d l y  from spices. Presumably, when consumers 

purchase spices, most o f  the  res idua l  e thy lene ox ide would be gone. 

Although no data were ava i l ab le  regarding ethylene ox ide  concentrat ions i n  

d r i n k i n g  water, the  f o l l o w i n g  , fac tors  a r e  be l ieved t o  l i m i t  human exposure 

from t h i s  rou te  (EPA, 1985a). F l n t ,  evaporat ion from water appears t o  be a 

s i g n i f i c a n t  removal process, as discussed i n  Sect ion 11. second, c h l o r i n a t i o n  

used i n  water t reatment  p lan ts  presumably reduces the  l i k e l i h o o d  o f  human 

exposure, by o x i d i z i n g  ethylene oxide. 



. 
'L 11. PFOPERTIES AFFECTING ENVIRCFEENTAL FATE 

Although epoxides as a group a r e  considered t o  be r e l a t i v e l y  reac t i ve ,  

e thy lene ox ide  has been shown t o  be f a i r l y  s t a b l e  under most n a t u r a l l y  

o c c u r r i n g  cond i t i ons  and i s  r e l a t i v e l y  p e r s i s t e n t  i n  t h e  atmosphere. 

I n  a d d i t i o n  t o  being emi t ted  d i r e c t l y  t o  the  atmosphere, e thy lene ox ide  

r e a d i l y  v o l a t i l i z e s  from water and s t e r i l i z e d  products. Once i n  t h e  

atmosphere, ethy lene ox ide  has been determined t o  p e r s i s t  l o n g  enough so t h a t  

community exposure i s  n o t  s i g n i f i c a n t l y  reduced by i t s  atmospheric 

breakdown. 

A. PHYSICAL AND CHEPICAL PROPERTIES 

Ethylene ox ide  i s  a co lo r l ess ,  flammable gas a t  room temperature and 

pressure condensing t o  a l i q u i d  a t  about 51°F. I t  i s  h i g h l y  so lub le  i n  water  

- and many o rgan ic  solvents. L i q u i d  e thy lene ox ide  i s  m i s c i b l e  (capable o f  

db being mixed i n  a l l  p ropor t ions)  w i t h  water, a lcohol ,  acetone, benzene, ether ,  

and most organic solvents. Table 11-1 conta ins  data on phys ica l  p rope r t i es  

o f  e thy lene oxide. 

Chemically, e thy lene ox ide  i s  t h e  s imp les t  and most important  member o f  

the  c l a s s  o f  cyc l  l c  e thers  known as epoxides, and i s  a l so  known chemica l ly  as 

epoxyethane o r  oxirane. Epoxides are  compc tnds w i t h  a molecular  s t r u c t u r e  

c o n s i s t i n g  o f  a three-membered r i n g  i n  which t h e  members are  two carbon atoms 

and one oxygen atom. See Figure 11-1 shows t h e  chemical s t r u c t u r e  o f  

e thy lene oxide. 



TPBLE 11-1 

PHYSICAL PROPERTIES 

L iqu id  

Apparent Spec i f i c  Gravl t y ,  20/20eC (68/6e9F) 

G'eight per gal.  a t  20°C (68'F) 

C o e f f i c i e n t  o f  Expansion a t  ZO'C (6P°F) 

Water S o l u b i l i t y  

Heat o f  Vapor izat ion a t  1 atm 

f l a s h  Point,  open o r  closed cup 

Freezlng Point  

E o i l i n g  Point 

C r i t i c a l  Temperature 

C r i t i c a l  Pressure 

Au to - i gn i t i on  Temperature i n  A i r  a t  1 atm 

Decomposition Temperature o f  pure vapor a t  1 atm 

Heat o f  Combustion o f  gas, gross 

Heat o f  Cecomposition o f  gas 

Henry's Law constant  
(dimensionless form, r a t i o  o f  
aqueous phase concent ra t ion  t o  
vapor phase concent ra t ion)  

0.@711 

7.2ao i b .  

0.001 61 

Complete 

249.5 @ t u / l b  

O'F 

-170.5'F 

-11 2.5'C 

=o.OoF 

1 C.5'C 

195.e0C (319.6.F) 

1.043 ps ia 

42R0C (EQ2.4'F) 

571 'C (1@59.P0F) 

308.7 kca l  /g-mole 

20.0 kcal lg-mole 



Figure  11-1 

STRUCTURE OF ETHYLENE OXIOE MOLECULE 

Many impor tan t  i n d u s t r i a l  chemicals can be manufactured by adding var ious  

reagents t o  e thy lene oxide. These i n c l u d e  ethy lene g l y c o l  and o t h e r  g l y c o l s  

and g l y c o l  ethers,  and ethanolamines. F igure  11-2 shows the  chemical 

reac t i ons  by  which ethanolamine i s  produced by  a d d i t i o n  o f  ammonia t o  e thy lene 

oxide. 
- 
u 

Figure  11-2 

SYNTHESIS OF ETHANOLAMINE FROM ETHYLENE OXIOE 

ammonia d ~ 3  ethanolamlne 

Most reac t i ons  o f  e thy lene  ox ide  i n v o l v e  opening t h e  epoxide r i n g  w i t h  

s t r o n g  a c i d  o r  s t r o n g  base. F igure 11-3 shows h y d r o l y s i s  mechanisms b y  which 

water  adds t o  e thy lene ox ide  t o  y i e l d  e thy lene  g lyco l .  Although a l l  t h r e e  

mechanisms occur  whenever e thy lene ox ide  i s  i n  water, one r e a c t i o n  u s u a l l y  

predominates depending upon pH. The mechanisms are  as fo l lows:  P.) n e u t r a l  

L pH, 8 )  a c i d i c  pH, and C )  bas i c  pH. Rate equat ions and r a t e  constants (k )  

a t  25'C (77°F) a r e  a l s o  prov ided (Bogyo, 1980) f o r  each mechanism. 



Figure 11-2 

Hydrolysis mechanisms o f  ethylene oxide t o  ethylene glycol 

A) Neutral  pH (predominates a t  pH between 5 and 11) 

ethylene glycol 

$ = 5.7 x second 
-I 

Rate = kN x EtO concentration 

B) Acidic pH (Predominates a t  pH 3 pr lower)  

ethylene glycol 

- 4 - - 1 
A 

= 90 x 10 liter moielsacond 

Rate = k A  x EtO concentration x hydrogen ion concentration 

C)  Basic pH (Predominates a t  pH 12 or h igher )  

d~ OH 

ethylene glycol 

- 1 -1 
kg = 1 x liter mole second 

Rate = kg x EtO concentrat ion x hvdruxide i o n  concentration 

11-4 



- 
L 0. PROPERTIES IMPOFTANT FOR ESTIf.?ATINC EYISSIONS 

Pur ing the  sterilization/fumigation process f o r  medical equipment and 

spices, e thy lene ox ide  i s  n o t  o n l y  exhausted d i r e c t l y  t o  the  ambient a i r ,  b u t  

can a l s o  be discharged w i t h  wastewater t o  t h e  l o c a l  sewers. This i s  due t o  

the use o f  water-sealed vacuum Pumps f o r  evacuat ing s t e r i l i z e r s ,  and t h e  

s o l v a t i o n  o f  e thy lene ox ide  b y  t h e  water. This i s  discussed f u r t h e r  i n  

Appendix D. Some C a l i f o r n i a  companies have r e c e n t l y  i n s t a l l e d  closed-loop . 

vacuum pump systems which can e l  im ina te  discharges t o  wastewater (Chemrox, 

1987). I n  a d d i t i o n ,  s t e r i l i z e d  products may con ta in  some ethy lene ox ide  

residues. The f o l l o w i n g  subsect ions present  i n fo rma t ion  t h a t  i s  impor tan t  i n  

e s t i m a t i n g  emissions i n t o  the  atmosphere from wastewater and s t e r i l i z e d  

products. This i n fo rma t ion  i n d i c a t e s  t h a t  ethy lene ox ide  d isso lved i n  

- wastewater i s  probably emi t ted  i n t o  t h e  ambient a i r  before breakdown by  

b hydro l ys i s  can occur. Tests performed on s t e r i l i z e d  spices and manufactured 

goods a r e  a l s o  discussed, which i n d i c a t e  t h a t  most ethylene ox ide  res idues a r e  

removed by  v o l a t i l i z a t i o n  w i t h i n  a few weeks. 

1 )  Proper t ies  i n  Water 

a )  V o l a t i l i z a t i o n  from Water 

I n  general,  the  v o l a t i l i z a t i o n  o r  deso-p t ion  r a t e  f o r  a v o l a t i l e  chemical 

across a gas - l i qu id  i n t e r f a c e  w i l l  f o l l ow  f i r s t - o r d e r  k ine t i cs .  For a 

f i r s t - o r d e r  process, the  r a t e  of  v o l a t i l i z a t i o n  a t  any t ime i s  p ropo r t i ona l  t o  

t h e  concent ra t ion  o f  t h e  chemical i n  s o l u t i o n  and can be described by  t h e  

equat ion, 

-dC - = KdC (1 1 
d t  

C i s  t h e  concent ra t ion  o f  t h e  chemical. -dC/dt i s  the  instantaneous change 

b i n  concent ra t ion  per u n i t  of t ime ( o r  r a t e  o f  desorpt ion) ,  and Kd i s  t h e  



desorpt ion coef f i c ien t  for  the chemical. I f  a chemical has a h igh  desorpt ion 

c o e f f i c i e n t ,  then the  chemical w i l l  v o l a t i l i z e  r a p i d l y  from so lu t ion .  

Desorpt ion coe f f i c i en ts  fo r  ethy lene ox ide  i n  water have been determined 

exper imenta l ly  a t  22'C. (71.6'F.) (Conway, 1983). Tests were conducted both 

w i t h  a f i v e  meter-per-second (11 m i les  per hour) wind f low over  the l i q u i d  

surface, and w i t h  no.induced wind flow. A f t e r  the  a d d i t i o n  o f  ethy lene ox ide  

i n t o  water, the  d issolved ethy lene oxide concentrat ion was determined a t  

var ious times by us ing d i r e c t  aqueous i n j e c t i o n  i n t o  a gas chromatograph. 

Desorpt ion c o e f f i c i e n t s  o f  0.72 per hour (no wind) and O.P8 per hour ( 5  meter 

sec" wind) were obtained. 

The desorpt ion c o e f f i c i e n t  f o r  ethylene oxide (no wind) has a l so  been 

ca l cu la ted  from a t h e o r e t i c a l  equat ion us ing  measured oxygen desorpt ion ra tes  

(L i ss  and S la te r ,  1974; Conway, 1983). This ca lcu la ted  desorpt ion c o e f f i c i e n t  

f o r  ethylene ox ide (0.68 per hour) compares favorab ly  t o  the ethy lene ox ide  

desorpt ion c o e f f i c i e n t  which was determined exper imenta l ly  (0.72 per  hour-no 

wind). 

Figure 11-4 shows the percentaae o f  ethylene ox ide remaining i n  the water 

over t ime, as der ived from Conway (1983). Although the  desorpt ion r a t e  i s  

h igher  w i t h  wind present, the  desorpt ion h a l f - l i f e  i n  both cases i s  l ess  than 

one hour. Figure 11-5 shows t h e  f r a c t i o n  o f  ethylene oxide remaining versus 

d is tance from the  discharge source f o r  t h ree  discharge ve loc i t i es .  Sewer 

grades are  selected t o  prov ide a minimum v e l o c i t y  o f  2 f e e t  per second ( f p s )  

and a maximum v e l o c i t y  o f  8 fps ( Z i l l y ,  1975). F l a t t e r  grades (w i th  slower 

v e l o c i t i e s )  a re  pre fer red  so as t o  minimize excavat ion and pumping costs. P t  

2.9 fps, considered a common v e l o c i t y ,  h a l f  o f  the discharged ethylene ox ide 

w i l l  be removed w i t h i n  two m i les  o f  the discharge point .  I n  add i t i on ,  any 



ETHYLEijE OXIDE, EVAPOFATIO?~ FROM V?A!ATER 
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Figure 11-4 - 0 m/sec 

0 .5 1 1 .5 2 2.5 3 3.5 4 4.5 5 

HOURS 

ETHYLENE OXIDE EVAPORATION FROM WATER 

Figure 11-5 Sewage F low Rates: 
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ethylene oxide which reached a wastewater treatment p lan t  would pass through 

an ae ra t i on  lagoon. Such aera t ion  should be e f f e c t i v e  a t  desorbing any 

remaining ethylene oxide. Because wastewater pH i s  usua l l y  between 5 and 9, 

ethy lene ox ide i s  not  expected t o  hydro lyze i n  wastewater a t  a s i g n i f i c a n t  

r a t e  (see subsection b below). 

Therefore. ARB s t a f f  bel ieves t h a t  most o f  the ethylene oxide which i s  

discharged i n t o  wastewater (ranging up t o  40% of  a s t e r i l i z e r  load)  w i l l  

v o l a t i l i z e  i n t o  the  ambient a i r  c lose  t o  the  discharge point .  See Appendix G 

for  a d iscussion o f  how these concepts were app l ied  f o r  modeling emissions. 

b) Degradation i n  Water 

Chemical degradation i n  water occurs o n l y  by hydro lys is  i n v o l v i n g  cleavage 

o f  t h e  carbon-oxygen bond o f  the c y c l i c  e t h e r  t o  y i e l d  ethylene g lyco l ,  as was 

shown i n  Figure 11-3. Bond cleavage occurs r a p i d l y  on l y  under s t r o n g l y  a c i d i c  

o r  s t r o n g l y  bas ic  condit ions. Ethylene ox ide  i s  s tab le  and i t s  r a t e  o f  

degradat ion does not  vary s i g n i f i c a n t l y  w i t h i n  the range o f  pH 5 t o  pH 9 found 

i n  na tu ra l  waters and i n  sewer wastewater. The pH o f  sewer wastewater i s  

genera l l y  between 5 and 9 because wastewater w i t h  pH outs ide  t h i s  range can be 

co r ros i ve  t o  sewer l i nes .  (Ordinances regard ing  wastewater pH have been 

passed where cor ros ion  problems have been suspected. (SPWTP, 1986)) 

However, the r a t e  o f  degradation i s  s e n s i t i v e  t o  changes i n  temperature 

(Conway, 19e3). Hydrolysis i s  a l so  a f i r s t  order  react ion. The r a t e  constant  

may be est imated by (Bogyo, 1980): 

l o g  Kn = 7.726 - 79.5/(.019 T) 

T = temperature (degrees K e l v i n )  

Kn = r a t e  constant a t  neu t ra l  pH (pH = 7)  

The h a l f - l i f e  o f  ethylene oxide i n  water may be ca lcu la ted  as: 

h a l f - l i f e  = .693/Kn 



Fol lowing are  c a l c u l a t e d  h a l f - l i v e s  o f  e thy lene oxide d issolved i n  water  a t  - 
var ious temperatures, based on h y d r o l y s i s  r a t e s  f o r  neu t ra l  water (pH=7): 

22 days a t  20°C., 12 days a t  25'C., 6.5 days a t  ~ C ' C .  (eogyo, 1980). 

Sewage temperatures g e n e r a l l y  do n o t  v a r y  as much as ambient a i r  

temperatures. As an example, sewage water  temperature i n  Sacramento ranges 

from about 20.C. (68'F.) i n  w i n t e r  t o  about  25'C. (77'F.) i n  summer (SRblTP, 

1986) wh i l e  ambient temperatures can va ry  from below 10'C. (50'F.) t o  over  

32'C. (90'F.). As an i n l a n d  c i t y ,  Sacramento experiences a g rea te r  d i f f e r e n c e  

i n  ambient temperatures between seasons than i s  experienced by coas ta l  

c i t i e s .  Therefore, coas ta l  c i t i e s  should have l ess  sewage temperature 

v a r i a t i o n  than Sacramento. 

lnost e thy lene ox ide discharged t o  sewers enters the  wastewater through t h e  

water-sealed vacuum pumps used t o  evacuate s t e r i l i z e r  chambers a f t e r  
- 

s t e r i l i z a t i o n  i s  complete. The water  temperature o f  the  pump discharge i s  
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approximately  t h e  same as t h e  temperature o f  t h e  water supply, which va r ies  

w i t h  t h e  season. A h a l f - l i f e  o f  12 t o  14 days may be expected a t  normal water  

temperature, and has been expe r imen ta l l y  measured i n  r i v e r  water a t  25'C. 

(77°F.) (Conway, 1983). Conway a l s o  est imated a h a l f - l i f e  o f  g rea ter  than 20 

days f o r  b i o - o x i d a t i o n  o f  e thy lene o x i d e  i n  t h e  presence o f  micro-organisms. 

I n  conclusion, e thy lene ox ide  v o l a t i l i z e s  from na tu ra l  waters w i t h i n  a 

per iod  o f  hours w h i l e  h y d r o l y s i s  occurs over  a per iod  o f  days. Ps a r e s u l t ,  

i n  a t y p i c a l  sewer system, most o f  t h e  d i sso l ved  ethy lene ox ide  would be 

expected t o  evaporate w i t h i n  two m i l e s  o f  i t s  i n f l u e n t  p o i n t  (F igure  11-5). 

Reactions w i t h  atmospheric water  a r e  discussed i n  subsect ion C.2. 

2) V o l a t i l i z a t i o n  from Food Products and t'anufactured Products 

The f a t e  o f  e thy lene ox ide  i s  e s p e c i a l l y  important i n  m a t e r i a l s  t h a t  come 

L i n t o  c lose  con tac t  w i t h  people, such as s u r g i c a l  equipment, phamaceut ica ls .  



and food se rv i ce  and packaging mater ia ls .  The study o f  the f a t e  o f  ethylene 

oxide i n  these ma te r ia l s  has establ ished t h a t  i t  w i l l  degrade t o  g lyco l  (and 

ha lohydr in  i f  ha l i de  i s  ava i lab le ) ,  o r  evaporate (Wesley, 1965; Algulre, 1973; 

Gilmour, 1978). Scudamore and Heuser (1971) monitored some commercially 

t rea ted  products and found ethylene ha lohydr in  residues bu t  no ethylene ox ide 

residues. The est imated vapor iza t ion  ra tes  suggested vapor iza t ion  h a l f - l i v e s  

ranging from approximately four  hours, up t o  17.5 days f o r  one o f  the studied 

comnodities du r ing  c o l d  storage. The e f f e c t  o f  moisture content  appeared 

va r ied  and r e l a t i v e l y  small. 

A lgu i re  (1973) described losses o f  ethy lene ox ide from polystyrene creamer 

cups and cream cheese wrappers a t  ambient temperature and open t o  the  

environment. The ethylene oxide d i d  no t  degrade on the  polystyrene cups, and 

was l o s t  s o l e l y  through out-gassing. More than 90% evaporated by the f i r s t  

day, and no res idua l  ethylene oxide was detected a f t e r  f i v e  days. Ethylene 

ox ide l o s s  from cream cheese wrappers consis ted p r i m a r i l y  o f  conversion t o  

ethy lene g l y c o l ;  no ethylene chlorohydr in was detected a t  any time. Ethylene 

ox ide was undetectable by the  ten th  day. 

Af ter  a review o f  ava i l ab le  1 i t e r a t u r e ,  EPA (1 985) concluded: " I n  

commodities, food conta iners,  and manufactured goods, ethy lene oxide appears 

t o  v o l a t i l i z e  o r  hydrolyze t o  g lyco l  o r  ha lohydr in  w i t h  a ha1 f -1  i f e  o f  about 2 

weeks." 

C. FATE I N  THE ATYOSPHERE 

It i s  o f t e n  s ta ted  t h a t  because epoxides are  f a i r l y  reac t ive ,  ethylene 

ox ide would r a p i d l y  decompose i n  a i r .  Although ethy lene ox ide does break down 

r a p i d l y  under aqueous i o n i c  condit ions, i t  i s  r e l a t i v e l y  unreac t ive  t o  
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homogeneous gas-phase processes, which a re  the most common decomposition 

processes for  organic substances i n  ambient a i r .  The most l ike ly  removal 

processes for  ethylene oxide are  reactions w i t h  hydroxyl ( O H )  radicals,  

hydrolysis, wet deposition (washout by r a in )  and acid fog. Based on the most 

recent s tudies ,  both the reaction w i t h  hydroxyl radicals and hydrolysis would 

s ign i f ican t ly  reduce ambient concentrations of ethylene oxide only over a 

period of weeks. Washout by rain i s  not expected t o  be a sionificant removal 

process due t o  the appreciable desorption r a t e  of ethylene oxide from water 

solution (Dana, 19P4). Fog, i f  very ac id ic ,  could reduce ambient ethylene 

oxide concentrations, b u t  only during such r e l a t i ve ly  uncommon meteorolooical 

conditions. 

The exposure estimates i n  Section I re ly  on modeling the dispersion of 

emissions from ethylene oxide sources which occur over the course of hours. 
- 
_b Because ethylene oxide concentrations t h a t  might a r i s e  from any release point 

are  expected to  decline much more rapidly from dispersion than from 

atmospheric breakdown, ethylene oxide was t reated as a non-reactive compound 

for  the modeling study. The discussion below presents the cdrrent s t a t e  of 

knowledge about important removal mechanisms of ambient ethylene oxide. 

1. Reactions w i t h  Free Radicals 

The major atmospheric transformation process for  most organic chemicals i s  

reaction w i t h  hydroxyl radicals. Two measurements of the ra te  constant by the 

reaction of ethylene oxide w i t h  hydroxyl radical have been carried out. C. 

Zetzsch (1980) used f lash photolysis/resonance fluorescence a t  22'C. and 

obtained a r a t e  constant of 5.3 x 10-14 cm3 molecule-' sec-l. 

K. Lorenz and P. Zel lner  (1 984) used l a s e r  photo1 ysi  slresonance fluorescence 



a t  25'C. and obtained a  r a t e  constant o f  E.1 x  10- lA  cm3 molecule-' sec-I. 

Eoth studies have e r r o r  l i m i t s  estimated a t  p lus  o r  minus 2C%. These two 

measurements are reasonably cons is ten t ,  r e s u l t i n g  i n  a  best est imate f o r  the  r a t e  

constant a t  room temperature o f  7  x  10'14 cm3 molecule" sec-' (Kiner,  

iPE6a). This r a t e  constant corresponds t o  an atmospheric l i f e t i m e *  o f  

approximately 200 days o r  longer, showing t h a t  ethylene ox ide w i l l  be l ong - l i ved  i f  

the on l y  s i g n i f i c a n t  l oss  process i s  indeed gas phase reac t i on  w i t h  hydroxyl 

rad i ca l  s. 

This f i n d i n g  i s  reasonably cons is ten t  w i t h  EPA's est imate (EPP, 1085a) t h a t  t h e  

l i f e t i m e  o f  ethylene oxide i s  between 100 days and 215 days f o r  a  hydroxyl rad i ca l  

6 concentrat ion o f  1  x  10 molecules ~ m ' ~ ,  which has been repor ted  as a  

reasonable est imate (Cup i t t ,  1983). 

These recent  s tudies,  however, a r e  i n  c o n f l i c t  w i t h  t h e o r e t i c a l  ca l cu la t i ons  o f  

the atmospheric l oss  r a t e  f o r  ethy lene ox ide which had p rev ious l y  been publ ished 

w i t h  no l abo ra to ry  data. Cispersed i n  the  atmosphere, reac t i on  o f  ethylene ox ide 

w i t h  hydroxyl r a d i c a l s  had been est imated t o  y i e l d  a  ha l f -1  i f e  o f  23  hours 

(Radding, 1977), 1  .F days (Brown, 1975), o r  7.0 days (Cup i t t ,  19P0). Calculat ions 

(performed through 19@0) f o r  the  h a l f - l i f e  o f  ethylene oxide i n  ambient a i r  were 

based upon the b e l i e f  t h a t  the  hydroxyl r a d i c a l  would be as r e a c t i v e  toward 

ethylene ox ide as i t  i s  toward o the r  ethers,  and t h a t  ethy lene ox ide would 

the re fo re  degrade r a p i d l y  (Bogyo, 1080). With more recent  documentation o f  the  

* "L i f e t ime"  i n  t h i s  context  means "natura l  1  i f e t ime" .  The ha1 f -1  i f e  (def ined 
as the t ime requ i red  f o r  the  concent ra t ion  o f  reac tan t  t o  f a l l  t o  h a l f  o f  
i t s  o r i g i n a l  va lue)  i s  equal t o  69.3% o f  the  na tu ra l  l i f e t i m e .  
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r e a c t i v i t y  o f  ethy lene ox ide  w i t h  hydroxyl  rad i ca l s ,  r a p i d  der radat ion  can no 

longer  be an t ic ipa ted .  Based on t h e  exper imenta l  data contained i n  t h e  recent  

s tudies,  the  e a r l i e r  c a l c u l a t i o n s  are  now considered by ABR s t a f f  t o  

overest imate t h e  ac tua l  r a t e  o f  removal o f  e thy lene oxide. 

The atmospheric l i f e t i m e  f o r  e thy lene ox ide  i s  longer  than has been found 

f o r  o the r  e the rs  and epoxides. Ethy lene ox ide  i s  more r e s i s t a n t  t o  some types 

o f  f r e e  r a d i c a l  chemical a t t a c k  than a r e  o t h e r  e thers  and epoxides because o f  

t h e  unusual s t r e n g t h  o f  i t s  carbon-hydrogen bonds. As shown i n  Fioure 11-1, 

a l l  hydrogen atoms are  at tached t o  carbon atoms o f  t h e  epoxide r i ng ,  i n  which 

bond angles are  constra ined t o  almost h a l f  o f  t h e i r  normal values. The 

weakened carbon-carbon and carbon-oxygen bonds i n  the  s t ra ined  r i n g  s t r u c t u r e  

o f  ethy lene ox ide  l ead  t o  abnormal ly  s t r o n g  carbon-hydrogen bonds i n  ethy lene 

- oxide, making i t  unusua l ly  d i f f i c u l t  f o r  t h e  hydroxyl rad i ca l  t o  a b s t r a c t  a 
* 
- '  hydrogen atom from ethy lene oxide. Such a b s t r a c t i o n  i s  the  usual mechanism 

f o r  hydroxyl r a d i c a l  a t t a c k  on v o l a t i l e  o rgan ic  compounds. The hydropen 

a b s t r a c t i o n  a c t i v a t i o n  energy f o r  e thy lene  ox ide  i s  about tw ice  as h igh  as i t  

i s  f o r  o the r  e thers  ( F r i t z ,  1982). F igure  11-6 i l l u s t r a t e s  the  reac t ions  o f  

t h r e e  epoxides (ethy lene oxide, propylene oxide, and butylene ox ide)  w i t h  t h e  

hydroxyl r a d i c a l .  

Using e l  ect ron-spi  n resonance ( e s r )  spectroscopy, Pobbs (1 076) examined 

f r e e  r a d i c a l s  produced from t h e  r e a c t i o n s  o f  epoxides w i t h  hydroxyl rad i ca l s ,  

which were generated i n  aqueous so lu t i on .  The e s r  spectrooraph f o r  the  

hydroxyl  rad ica l -p ropy lene ox ide  system i n d i c a t e d  t h a t  o n l y  products o f  

hydrogen a b s t r a c t i o n  from t h e  a l k y l  group (non-epoxide r i n g  p o r t i o n  o f  the  

molecule) were generated. (See F igure  11-6, E. )  This i s  cons is ten t  w i t h  t h e  



FIGURE 11-6 
REACTIONS OF EPOXIDES UITH HYDROXYL RADICAL 

A )  Reaction of ethylene oxide with hydroxyl radical (Dobbs, 1971) 

8 )  Reaction of propylene oxide with hydroxyl radical (Dobbs, 1976) 

Hydrogen atom abstraction occurs only 
away from the epoxide ring 

C )  Reaction of butylene oxide with hydroxyl radical (Dobbs, 1971) 

Hydrogen atom abstraction occurs only 
away from the epoxide ring 



'w p r e d i c t i o n  o f  an abnormally s t rong  carbon-hydrogen bond i n  ethylene oxide, 

because no hydrogen atom on a carbon atom at tached t o  oxygen was abs t rac ted  i n  

propylene oxide. S i m i l a r l y ,  buty lene o x i d e  y i e l d e d  r a d i c a l s  o n l y  from 

. abs t rac t i on  o f  hydrogens from the  a l k y l  group (non-epoxide r i n g  p o r t i o n  o f  t h e  

molecule) (See Figure 11-6, C). No hydrogen a b s t r a c t i o n  from t h e  epoxide r i n g  

occurs nor  does f r e e  r a d i c a l  a t t a c k  g i v e  r i s e  t o  breakage o f  t h e  carbon-oxygen 

bond unless as a r e s u l t  o f  p r i o r  hydrogen abs t rac t ion .  

Reactions o f  ethy lene ox ide  w i t h  o t h e r  atmospheric cons t i t uen ts  a l s o  

proceed slowly. EPA (1985a) c i t e d  s tud ies  showing t h a t  the  r a t e  o f  r e a c t i o n  

o f  ethy lene ox ide  w i t h  oxygen atoms C O ( ~ P ) ]  i s  several  orders o f  magnitude 

slower than t h a t  f o r  the  hydroxyl  r a d i c a l  reac t i on ,  and a l so  c i t e d  smog 

chamber s tud ies  demonstrat ing the  low r e a c t i v i t y  o f  ethy lene ox ide  w i t h  

- n i t r o g e n  d i o x i d e  t o  y i e l d  ozone. 

- ,b ARB s t a f f  and C a l i f o r n i a  Statewide A i r  P o l l u t i o n  Research Center (SAPPC) 

s ta f f  agree t h a t  "from our  understanding o f  t h e  atmospheric chemist ry  o f  

organic compounds, we expect t h a t  reac t i ons  o f  ethy lene ox ide  w i t h  ozone and 

n i t r a t e  r a d i c a l s  w i l l  be n e g l i g i b l e  under atmospheric condi t ions.  Photo lys is  

should a l s o  be neg l i g ib le .  The o n l y  o t h e r  processes l i k e l y  t o  c o n t r i b u t e  t o  

the  atmospheric removal o f  e thy lene ox ide  vou ld  be wet depos i t ion  t o  sur faces 

( i n c l u d i n g  t o  p a r t i c l e  sur faces)  o r  h y d r o l y s i s "  (Winer. 19P6a). 

2. Reactions w i t h  Atmospheric Water 

At t h e  request  o f  ARE s t a f f ,  SAPRC conducted several experiments t o  

determine t h e  r a t e  o f  hyd ro l ys i s  o f  e thy lene ox ide  i n  humid a i r .  Ethylene 

ox ide  concentrat ions were measured i n  a p o l y t e t r a f l u o r o e t h y l e n e  (PTFE) l i n e d  

chamber. A t  approximate ly  50 percent  r e l a t i v e  humid i ty  and room temperature, 



an upper l i m i t  l oss  r a t e  fo r  ethylene oxide i s  l ess  than o r  equal t o  

3 x vin". I n  f a c t ,  no increase i n  loss  r a t e  f o r  ethylene ox ide was 

observed a t  h igher  humidity. The upper l i m i t  l oss  r a t e  y i e l d s  a minimum 

atmospheric l i f e t i m e  due t o  hyd ro l ys i s  o f  23 days, w i t h  a l i k e l i h o o d  o f  a much 

longer l i f e t i m e  due t o  t h i s  process. With t h i s  add i t i ona l  in format ion,  SAPPC . 

s t a f f  concluded t h a t  ethylene ox ide w i l l  be l ong - l i ved  i n  the atmosphere w i t h  

respect t o  homogeneous gas-phase processes (Yiner ,  19P6h). 

ARE s t a f f  and Professor Flichael R. Hoffmann o f  the  C a l i f o r n i a  I n s t i t u t e  o f  

Technology concur t h a t  even though water d rop le t s  suspended i n  the a i r  can be 

ac id i c ,  hyd ro l ys i s  o f  ethy lene ox ide i s  no t  a n t i c i p a t e d  t o  s i g n i f i c a n t l y  

reduce ambient a i r  exposures (Hoffmann. 1987). eased upon exper imenta l ly  

determined hydro lys is  r a t e  constants (EPP, 1985a), the fo l l ow ing  ha1 f-1 i v e s  

are c a l c u l a t e d  f o r  ethy lene ox ide ( i n  hours a t  25.C): 

(Vote: h a l f - l i v e s  would be longer a t  lower temperatures, and foc i s  r a r e  a t  

h igher  temperatures. For example, a t  pH = 7 and 2 C ° C ,  the h a l f - l i f e  would be 

almost tw ice  as long.) 

A p a r t  o f  the  s t a t e  w i t h  a l a rge  populat ion t h a t  i s  sub jec t  t o  frequent 

a c i d  fog  episodes i s  the  South Coast P i r  Basin. There, fog occurs roughly 15% 

o f  the  days o f  the  year, and t y p i c a l l y  p e r s i s t s  f o r  l ess  than e i g h t  hours per 

day (Karsh, 1984; V.S. Dept o f  Commerce, 1944). The p? o f  these fogs averages 

above 3, a l thouqh pH extremes of 1.7 and 7.4 have been encountered. 

(Pichards, 1985; Hoffmann, 1985) 



- Plthouph the presence of acidic  fog would tend to  reduce ambievt ethylene 
'w 

oxide concentrations, not enough data a r e  avai lable  to  quantify the 

anticipated reduction. However, an upper l i m i t  t o  the e f fec t  can be 

. calculated by assuming the fog removes a l l  ethylene oxide i n  the a i r .  I f  t h i s  

were t rue ,  then the annual ambient concentrations would be reduced by 

approximately 5% because fog typ ica l ly  pe r s i s t s  no longer than eioht hours per 

day (113 day) and occurs roughly 15% of the days of the year. 

Ethylene oxide i s  a lso eliminated from the atmosphere by physical removal 

processes such as washout by ra in ,  and adsorption to  surfaces. Washout by 

rain may be l e s s  s ignif icant  than otherwise expected due to  the appreciable 

v o l a t i l i t y  of ethylene oxide i n  water so lu t ion ,  as explained i n  Subsection F. 

In addit ion,  Dana e t  a l .  (1984) measured the r a t i o  of aqueous phase - 
concentration t o  gas-phase concentration for  ethylene oxide a t  15'C. ( S ~ ' F . ) .  - 

- Their value for  this dimensionless form of the Henry's Law constant i s  6.2 

( re la t ive1 y low for  water soluble substances),  which i s  consistent w i t h  an 

expectation of a low precipitation scavenging (ra in  washout) rate.  

3. Atmospheric Generation of Ethylene Oxide 

ARB s t a f f  i s  unable to estimate ethylene oxide concentrations t ha t  might 

a r i s e  from photochemical smog processes o r  from combustion processes. 

However, ARB s t a f f  and SAPPC s t a f f  (Atkinson, 1986) concur tha t  our present 

understanding of the atmospheric chemistry of organic compounds does not lead 

to  any s ign i f ican t  pathways for  the atmospheric generation of ethylene oxide. 

Therefore, although these concentrations a r e  expected t o  be s ignif icant ly  l e s s  

than the anticipated ambient levels  i n  urban areas ,  the above processes could 



lead t o  s l i g h t l y  h igher  ambient ethylene ox ide  exposures than e s t i r a t e d  by 

emissions modeling only. 

Epoxides can be formed i n  the photochemical smog cycle. Alkenes such as 

ethylene can r e a c t  w i t h  t r i p l e t  oxygen atoms [o(~P)I t o  y i e l d  epoxides such 

es ethylene ox ide  (Cvetanovic, 1963). This s tudy  was done under l abo ra to ry  

cond i t ions  w i t h  a r e l a t i v e l y  h igher  concentrat ion o f  t r i p l e t  s t a t e  oxygen 

atoms t h a t  d i f f e r s  g r e a t l y  from cond i t ions  i n  the  ambient a i r .  Therefore, APB 

s t a f f  expects t h a t  o n l y  minor amounts o f  epoxides are formed i n  the 

photochemical smog cycle. 

A1 ky lperoxy r a d i c a l s  can undergo isomer iza t ion  t o  y i e l d  a lky lperoxya l  k y l  

rad i ca l s ,  a l though t h i s  i s  r a r e l y  important.  Decomposition o f  these l a t t e r  

r a d i c a l s  can y i e l d  epoxides. However, decomposit ion i s  more l i k e l y  t o  y i e l d  

alkenes because o f  the  s t r a i n  energy invo lved i n  formation o f  epoxides. 

Furthermore, o x i d a t i o n  probably competes e f f e c t i v e l y  w i t h  decomposition (FPS,  

1076). 
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L 111. SOURCES OF ATNOSPHERIC ETHYLENE OXIDE 

Although e thy lene ox ide i s  produced i n  h i g h  q u a n t i t i e s  i n  t h e  Un i ted  

States,  i t  i s  no t  produced i n  C a l i f o r n i a .  The o n l y  q u a n t l f i e d  emissions 

sources o f  importance i n  t h i s  s t a t e  a r e  from e thy lene ox ide  use i n  

s t e r i l l z a t l o n ,  fumigation, s u r f a c t a n t  manufactur ing, and from d i s t r i b u t i o n  o f  

t h i s  compound. Ethylene ox ide  may a l s o  be emi t ted  from combustion o f  organic 

m a t e r l a l s  and from b i o l o g l c a l  processes, bu t  no q u a n t i f i c a t i o n  e x i s t s  f o r  

these sources. 

A. PRODUCTION AND USAGE 

1. Product ion 

Ethy lene ox ide  i s  one o f  t h e  25 chemicals o f  h ighest  p roduct ion  volume i n  

t h e  U.S. (Federal Register,  1984). I n  1983, approximately 2,767,000 tons  o f  

-.. e thy lene ox ide  were produced. Product ion value grew by 5.4 percent t o  

-L approximate ly  2,916,500 tons i n  1085 (C&EN, 1986). Growth i n  ethy lene ox lde  

product ion  i s  p ro jec ted  t o  cont inue a t  an annual r a t e  of about 6 percent from 

1984 t o  1994 (C&EN, 1985). Current ly ,  e thy lene ox lde  i s  produced i n  t h e  

Un i ted  Sta tes  by 16 f a c i l i t i e s ,  none o f  which i s  i n  C a l i f o r n i a  (EPA. lPP5a). 

From 1974 t o  1984, t h e  amount o f  e thy lene ox ide  imported I n t o  t h e  U.S. 

averaged 5,388 tons, which i s  l e s s  than 0 1 percent o f  t h e  ethy lene ox lde 

a v a i l a b l e  f o r  use i n  the  U.S. An average o f  one percent  o f  t h e  U.S. ethylene 

ox lde  produced from 1974 t o  1984 was exported. F igure  111-1 shows t h e  t o t a l  

tonnage o f  e thy lene oxide a v a i l a b l e  f o r  use i n  t h e  U.S. from 1978 t o  1985 

(C&EFI, 1986). 

2. Usage 

The 1982 n a t l o n a l  est imates f o r  e thy lene  ox lde  use a r e  shown i n  F lgure 

111-2. Ethy lene g l yco l  product ion i s  by f a r  t h e  l a r g e s t  use o f  ethy lene ox ide  
L 
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account ing f o r  almost two- th i rds o f  ethy lene ox ide  use. Ethy lene o l y c o l  i s  

used i n  automotive a n t i f r e e z e  and po l yes te r  product ion. Other uses i nc lude  . 
the product ion  o f  sur fac tan ts ,  the  product ion  o f  o l y c o l  e thers  used p r i m a r i l y  

as solvents,  t h e  product ion  o f  ethanolamines used t o  make soaps and deterpent,  

t h e  product ion  o f  po l  ye ther  po lyo l  s f o r  f l e x i b l e  polyurethane foams, t h e  

product ion  o f  c h o l i n e  and cho l i ne  ch lo r i de ,  t h e  manufacture o f  adhesive 

a d d i t i v e s ,  s t e r i l i z a t i o n  o f  medical products, and fumigat ion  o f  food, spices, 

and o t h e r  i tems (EPA, 19@5a) (F igure 111-2). O f  t h e  above uses, o n l y  

s t e r i l i z a t i o n ,  fumigat ion,  and sur factant  manufactur ing a r e  o f  importance i n  

Ca l i fo rn ia .  Ethy lene g l yco l ,  ethylene g l y c o l  ether ,  and ethanolamines a r e  n o t  

produced i n  C a l i f o r n i a .  

Although s t e r i l i z a t i o n  and fumigat ion account f o r  l e s s  than 0.5 percent o f  

t h e  t o t a l  U.S. usage o f  ethy lene oxide, these two uses a r e  t h e  major  sources 
% 

. of e thy lene ox ide  emissions i n  Cal i forn ia.  Hosp i ta l s  and medical product 

i n d u s t r i e s  use e thy lene ox ide  t o  s t e r i l i z e  d e l i c a t e  s u r g i c a l  and o p t i c a l  

inst ruments,  p l a s t i c  and rubber goods, and d isposable pre-packaged medical 

i tems. It i s  an e f f e c t i v e  s t e r i l a n t  f o r  heat- and mo is tu re -sens i t i ve  

m a t e r i a l s  which would be destroyed by autoclavinc? ( the  p r i n c i p a l  s t e r i l i z i n g  

technique used a t  hosp i ta l s ) .  

Fthy lene ox ide  i s  used as a fumigant t o  e l i m i n a t e  pest  and m ic rob ia l  

i n f e s t a t i o n s  i n  food, spices, books, f u r n i t u r e ,  t e x t i l e s ,  empty cargo holds, 

cosmetics and d a i r y  packaoing (Federal Pegister ,  l9P4). Ethylene ox ide i s  a 

p r e f e r r e d  fumigant f o r  food and spice because of i t s  e f fec t i veness  and because 

i t  does n o t  a l t e r  t h e  f l a v o r  of the  spices. It increases t h e  s h e l f - l i f e  o f  

r e f i n e d  spices, and prevents the  spread o f  i n f e c t i o u s  orranisms from imported 

spices. 



A p o t e n t i a l  f u t u r e  use of ethylene ox ide i s  wood treatment. The USDA 

Forest Product Laboratory has repor ted t h a t  t reatment  o f  southern ye l low p ine  

w i t h  epoxides improved the wood's d u r a b i l i t y  (EPA. 1985a). 

8. CURRENT AND PROJECTED ETHYLENE OXIDE EMISSIONS 

Ethylene ox ide  emissions i n  C a l i f o r n i a  a r e  from the  f o l l o w i n g  sources: 

1)  d i s t r i b u t i o n  f a c i l i t i e s ;  

2) su r fac tan t  manufacturing; 

3) s t e r i l i z a t i o n  and food lsp ice  fumigat ion; and 

4 )  o the r  possib le sources. 

Table 111-1 1 i s ts  ethylene ox ide emission estimates f o r  sources i n  C a l i f o r n i a ,  

categor ized by  f a c i l i t y  type. 

1. D i s t r i b u t i o n  F a c i l i t i e s  

F u g i t i v e  losses  o f  l e s s  than 112% t o  2% o f  t o t a l  product ion occur from 

storage, handl ing,  drumming and b lend ing  o f  ethy lene ox ide f o r  use i n  

s t e r i l i z a t i o n  (Zwiacher, 1983). Other emissions from d i s t r i b u t o r s  r e s u l t  from 

disposal  o f  res idua l  gas from returned cy l inders .  ARB s t a f f  obta ined 

in fo rmat ion  from two d i s t r i b u t o r s  regarding t h e  percentage o f  s t e r i l a n t  gas 

m ix tu re  t h a t  i s  exhausted from the c y l i n d e r s  a t  t h e i r  repackaging plants. ARB 

s t a f f  used t h i s  i n fo rma t ion  t o  c a l c u l a t e  q u a n t i t i e s  o f  s t e r i l a n t  gas mix ture  

exhausted from a l l  known ethylene ox ide repackaging f a c i l i t i e s  i n  Ca l i f o rn ia .  

I n  1985, the  f i v e  c y l i n d e r  f i l l i n g  f a c i l i t i e s  i n  C a l i f o r n i a  disposed o f  

the res idua l  gas evacuated from c y l i n d e r s  i n  var ious ways. Two f a c i l i t i e s  

u t i l i z e d  scrubbing o r  r e c y c l i n g  t o  c o n t r o l  emissions t o  t h e  environment. The 

o the r  t h ree  f a c i l i t i e s  c o n t r o l l e d  employee exposure, by methods which 

t rans fe r red  the  res idua l  gas t o  t h e  ambient a i r .  One d i s t r i b u t o r  exhausted 



TABLE 111-1 
L 

STATEWIDE ETHYLENE OXIDE EMISSION ESTIMATES BY FACILITY TYPE, 1985 

percent21 
Type o f  ~ m i s s i o n s l l  o f  Total Inventory 

Source Estimate ( tonlyear)  Emissions Year Reference 

D i s t r i b u t i o n  F a c i l i t i e s  
L iqu id  Carbonic 

Los Angeles Point 2.0 0.6 1985 ARB Sur., 1986 
San Carlos Point 0.7 0 -2 1985 APB Sur., 1986 

M.G. Indust r ies  Point 2.9 0.8 1985 ARB Sur., 1986 
Union Carbide 

South San Francisco Point 0.5 0.1 1985 ARB Sur., 1986 
Torrance* Point 0.4 1985 ARB Sur., 1986 

6.5 
* I n s t a l l a t i o n  of a more e f f i c i e n t  scrubber i n  1986 may have lowered emissions. 

S t e r i l i z a t i o n  

- Micro-Biotrol  , Inc. 
S t e r i l i z a t i o n  Services 

o f  Ca l i f o rn ia  
American Pharmaseal 

Laboratories 
American Bent1 ey Labs 
I V A C  Corporation 
A1 1 ergan 

Pharmaceutical 
Shi ley Labs, Inc. 
Barnes-Hind 

Pharmaceutical 
S t e r i l e  Design, Inc.* 
Abco Laboratories 
Medlon, Inc. 
Way & Means 
3M 
h e r i c a n  Edwards Lab 
Hospitals 

Point 

Point 

Point 
Point 
Point 

Point 
Point 

Point 
Point 
Point 
Point 
Point 
Point 
Point 
Area 

1985 SCAQKD, 1985 

1985 SCAQMD, 1987 

1985 SCAQMD, 1987 
1985 Zwiacher, 1987 
1985 Hellen, 1985 

1982 . Zwiacher, 1983 
1083 SCAQMD, 1983 

BAAQMD, 1984 
Si les,  1982 
EPA, 1987 
EPA, 1987 
EPA, 19E7 
EPA, 1987 
EPA, 1987 
ARB Sur., 1986 

* Discontinued operation. December 1985. 



Source 

~ e r c e n t z f  
Type o f  ~ m i s s i o n s l f  o f  Total  Inventory 
Estimate ( ton l yea r )  Emissions Year Reference 

Fumigation ( FoodISpice) 
Eal -Cornpack Foods. Inc. 
Botanicals  

I n t e r n a t i o n a l ,  Inc.* 
FcCon ick  & Co. Inc. 

( S c h i l l i n g )  
Safeway Spice 

& Dessert 
C h i l i  Products Co. 
Foremost Gentry 
G i l  r oy  Foods, Inc. 
Santa Maria C h i l i  
Farmer Brothers Co. 

Po in t  

Po in t  

Point  

Point 
Point  
Point  
Point  
Po in t  
Point  

* Process change i n  1986 has l e d  t o  lower emissions. 

Sur fac tan t  Manufacture 
Lonza, Lons Beach Po in t  12 

Lamb, 1985 

SCAQMD. 1983 

BAAQKO, 1984 
Zwiacher, 1983 
ARB Sur., 1982 
EPA, 1 987 
EPA, 1987 
EPA, 1987 

1982 Zwiacher, 1983 
~ m e r y - I n d u s t r i e s ,  

Santa Fe Springs Po in t  4.3 1.2 1982 Zwiacher, 1983 
T re to l  i t e  Corp., Brea Po in t  3.2 0.9 1982 Zwiacher, 19P3 
W i  tco . Carson Po in t  1.2 0.3 1982 Zwiacher, 1983 
American McGaw Labs.. 

I r v i n e  Po in t  0.1 0.0 1982 Zwiacher, 1983 
21 -57% 

Grand Total  

1/ A l l  repor ted  emission est imates have been rounded o f f  by  ARB s t a f f  t o  - 
e i t h e r  one-tenth o f  o f  a ton lyear ,  o r  t o  two s i g n i f i c a n t  f igures.  

21 Percentages may n o t  add up t o  100% due t o  rounding. - 



the residual  gas from a 40-foot high stack. Two d i s t r i bu to rs  bubbled the gas 

through water, but  most o f  the resu l t i ng  dissolved ethylene oxide would be 

expected t o  evaporate from the water a f t e r  discharge (see Section 11-A). One 

d i s t r i b u t o r  had an ac id  scrubber and'one d i s t r i b u t o r  recycled the residual  

ethylene oxide. Calculated emissions were based on estimated cont ro l  

e f f i c i e n c i e s  o f  90% and 99%, respectively, f o r  f a c i l i t i e s  t h a t  used controls,  

and from the annual production o r  emission rates reported by each f a c i l i t y .  

For a more deta i led discussion, see Appendix D. 

Total emissions from d is t r ibu to rs  i n  1985, inc lud ing f u g i t i v e  losses, are 

estimated t o  be about 6.5 tons/year. 

2. Surfactant Manufacture 

Ethylene oxide i s  used i n  Cal i forn ia  i n  surfactant (surface-active agent) 

manufacture. Based on the avai lable information, there are f i v e  f a c i l i t i e s  i n  
- 

the South Coast A i r  Basin tha t  produce surfactants (Zwiacher, 1983). The 
& 

SCAQMD estimated f a c i l i t y  emissions i n  1982 t o  be one percent o f  t h e i r  

ethylene oxide usage. Surfactant manufacture ethylene oxide emissions are 

reported t o  be about 21 tonslyear (Zwiacher, 1983). 

According t o  the EPA (EPA, 1985b), ethylene oxide i s  usual ly  received a t  

surfactant manufacturing f a c i l i t i e s  by pressurized r a i l c a r ,  stored, and then 

reacted w i th  various chemicals i n  a closed system process. The primary source 

o f  ethylene oxide emissions i n  the ethoxylat ion process f o r  producing 

surfactants i s  assumed t o  be equipment leaks, although minimal data has been 

collected. Nationwide, EPA estimates t ha t  1/20 o f  1% o f  the ethylene oxide 

used by ethoxylators i s  emitted. Other emissions sources a t  these f a c i l i t i e s  

are assumed t o  be negl ig ib le.  

The EPA has proposed New Source Performance Standards (NSPS) and published 

'- Control Technology Guidelines (CTG) f o r  f u g i t i v e  emissions i n  the synthet ic 

111-7 



organic chemistry manufacture industry. Both the NSPS and CTG are applicable 

toe thoxyla tor  f a c i l i t i e s .  Implementation of the control techniques specified 

in the NSPS and CTG would effect ively reduce ethylene oxide emissions by 

approximately 75 and 40 percent respectively (EPA, 1985b). 

3. Sterilization/Fumigation 

The California Department of Food and Agriculture (DFA) reported t h a t  

804,381 pounds of ethylene oxide were sold i n  California i n  1984, and tha t  

957,380 pounds (19% more) were sold i n  1985:for commercial gas s t e r i l i z e r s  

(DFA, 1986). 

From a practical  standpoint, a l l  the ethylene oxide used i n  the process of 

s t e r i l i z a t i o n  and fumigation is assumed to  be emitted t o  the atmosphere (EPA, 

1985b). Although some ethylene oxide is  destroyed on reaction w i t h  

microorganisms and other materials,  t h i s  quantity i s  believed t o  be a very 

small percentage of the to ta l  quantity used. Figure 111-3 provides a flow 

diagram of an ethylene oxide s t e r i l i z e r .  Emissions from the s t e r i l i z a t i o n  o r  

fumigation equipment occur when ethylene oxide is:  1 )  vented t o  the atmosphere 

o r  discharged Into a sewer drain, 2 )  desorbed from the discharged 

1 wastewater (see Section 11-B), 3)  released through the chamber door of the 

sterilization/fumigation equipment a t  the end of a cycle, 4 )  released from 

s t e r i l i zed  items during the process of Noff-gassing" (again, see Section 

11-0). and 5)  released through leaks i n  the  s te r i l i za t ion  equipment. 

In Parch 1986, the ARB conducted a survey of ethylene oxide used by 

hospitals i n  the Los Angeles area. The data s e t  for emissions was 

extrapolated to  obtain estimates for  the s t a t e  as a whole. None of the 

s t e r i l i z e r s  had emission control systems other than discharge to  wastewater. 

1 In the absence of low pH o r  high pH, ethylene oxide discharged to  waste- 
water i s  eventually released to  the atmosphere. 
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Pssuming t h a t  a l l  the ethylene oxide used i n  t h e  process was emitted t o  the  

atmosphere, t h e  estimated amount o f  emissions from a l l  hosp i ta l s  i n  C a l i f o r n i a  

i n  1985 i s  approximately 63 tons lyear  (see Table 111-1). The method used t o  

est imate statewide hosp i ta l  ethylene ox ide usage and emissions based on the 

1986 ARB survey i s  given i n  Appendix G. 

The ARB a l s o  surveyed a l i m i t e d  number o f  i n d u s t r i a l  s t e r i l i z e r s  i n  1982 

t o  gather da ta  on l a r g e  s t e r i l i z e r s .  Appendix H g ives the  method used f o r  

es t ima t ing  e thy lene ox ide usage and emissions based on the  1982 ARB survey o f  

the  medical/pharmaceutical products industry .  The est imates o f  ethylene ox ide 

emissions f o r  these l a r g e  s t e r i l i z e r s  a r e  l i s t e d  on Table 111-1 along w i t h  

data repor ted  f o r  o the r  l a r g e  s t e r i l i z e r s  t o  t h e  South Coast A i r  Qua l i t y  

Management D i s t r i c t  (SCAQHO) (Zwiacher, 1383). Based on the information 

a v a i l a b l e  concerning the l a r g e  s t e r i l i z e r s ,  o n l y  Pmerican Pharmaseal. 

S t e r i l i z a t i o n  Services o f  Ca l i f o rn ia ,  and Barnes-Hind Parmaceutical , had 

emissions c o n t r o l  devices i n  1985. For the  o the r  l a r g e  s t e r i l i z e r s ,  i t  i s  

assumed t h a t  a l l  t h e  ethylene ox ide used i n  t h e  process f o r  t h e  s t e r i l i z a t i o n  

o f  medical and pharmaceutical products was emi t ted  t o  the  atmosphere. For 

American Pharmaseal , the 1982 emissions were given as 120 tons lyear  (Zwiacher, 

1983). However, i n  1984 an i n c i n e r a t o r  was i n s t a l l e d  which was bel ieved t o  

have reduced t h e  ethylene ox ide emissions from t h e  vacuum exhuast pump such 

t h a t  t o t a l  emissions o f  9.5 tons lyear  were a n t i c i p a t e d  (SCAQMD, 1987). 

The ARB i s  n o t  aware o f  t h e  use i n  1985. o f  any emission con t ro l  devices 

f o r  any o f  t h e  l a r g e  s t e r i l i z e r s  used f o r  food and spice fumigation. 

4. Other Possible Sources 

EPA a l lows e thy lene oxide t o  be used i n  museums, l i b r a r i e s  and o ther  areas 

as a fumigant fo r  miscellaneous items such as books, f u r n i t u r e ,  t e x t i l e s .  

empty b ins,  empty cargo holds, cosmetic and d a i r y  product containers. No 



-L info rma t ion  i s  a v a i l a b l e  on t h e  q u a n t i t y  of e thy lene ox ide usage and emissions 

i n  C a l i f o r n i a  f o r  these sources. Although EPP a l s o  a l lows ethy lene ox ide  t o  

be used t o  fumigate beehives, t h e  @FA s ta tes  t h a t  ethylene ox ide  was n o t  used 

i n  C a l i f o r n i a  i n  1985 i n  t h e  f i e l d  f o r  any a g r i c u l t u r a l  purpose (Fabre, 1986). 

Ethylene ox ide  has been i d e n t i f i e d  i n  c i g a r e t t e  smoke, and i n  t h e  

combustion products o f  hydrocarbon f u e l s  (Hughes, 1959) and n-pentane 

(Barnard and Lee, 1972). Therefore, e thy lene ox ide  may be a component o f  

s t a t i o n a r y  and mobi le  source combustion emissions, al though no r e l i a b l e  data 

base e x i s t s  f o r  combustion cond i t i ons  r e l e v a n t  f o r  t h i s  repor t .  

Ethylene ox ide  nay a l s o  be emi t ted  i n t o  t h e  atmosphere as a r e s u l t  o f  

b i o l o g i c a l  processes. DeEont and Albers (1975) have concluded t h a t  .ethylene 

ox ide  i s  a product  o f  e thy lene ca tabo l ism by  t h e  e thy lene-ox id iz ing  E20 

bacter ium s t r a i n .  

_L 
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APPENDIX A 

INFORMATION REQUEST LETTER WITH ATTACHMENTS AND RESPONSES 



STATE OF CALIFORNIA GEORGE DEUKMEJIAN, Go-r 

DEPARTMENT OF INDUSTRIAL RELATIONS 

- 'IVISION OF OCCUPATIONAL SAFETY AND HEALTH 
GOLDEN GATE AVENUE 

SAN FRANCISCO 

November 1 8 ,  1985 
ADDRESS REPLY TO: 

P.O. Box m3 
SAN FRANCISCO. CA 94101 

Mr. Wil l iam V. L o s c u t o f f ,  Ch ie f  
Tox ic  P o l l u t a n t s  Branch 
C a l i f o r n i a  A i r  Resources  Board 
P.O. Box 2815 
Sacramento,  CA 95812 

Dear Mr+@ 

S u b j e c t :  E t h y l e n e  Oxide (EtO) 

T h i s  l e t t e r  is i n  r e sponse  to your  r e q u e s t  f o r  i n f o r m a t i o n  on 
t h e  h e a l t h  e f f e c t s  o f  e t h y l e n e  o x i d e  a s  p a r t  of  ARB'S t o x i c  a i r  
con taminan t  program. A s  you know, e t h y l e n e  o x i d e  is r e g u l a t e d  
as a c a r c i n o g e n  under  Cal/OSHA r e g u l a t i o n s ,  T i t l e  8 ,  C a l i f o r n i a  
A d m i n i s t r a t i v e  Code, Genera l  I n d u s t r y  S a f e t y  Order  S e c t i o n  
5220. 

- Under t h i s  s t a n d a r d ,  t h e  employer s h a l l  e n s u r e  t h a t  no employee 
i s  exposed to an  8-hour t i m e  weighted ave rage  c o n c e n t r a t i o n  o f  -*w a i r b o r n e  EtO i n  e x c e s s  of  1 p a r t  p e r  m i l l i o n  (ppm) of  air .  The 
a c t i o n  l e v e l  is 0.5 ppm. T h e r e  are many o t h e r  r e q u i r e m e n t s  
under t h i s  s t a n d a r d ,  a copy o f  which is inc luded  f o r  your  peru-  
sal. 

A l s o  e n c l o s e d  f o r  your  i n f o r m a t i o n  is a  copy of  29 CFR, P a r t  
1910,  Occup t iona l  Exposure  to EtO, F i n a l  S tandard .  T h i s  i s  
p a r t  o f  t h e  rulemaking package F e d e r a l  OSHA used to j u s t i f y  
t h e i r  E t O  s t a n d a r d  and c o n t a i n s  u s e f u l  i n fo rma t ion  on t h e  
h e a l t h  e f f e c t s  o f  EtO. An I n f o r m a t i o n  B u l l e t i n  on E t O  i s s u e d  
by Cal/OSHA is a l s o  i n c l u d e d  f o r  'h i s  purpose.  

We have had some e x p e r i e n c e  e n f o r c i n g  t h e  EtO s t a n d a r d  s i n c e  
March 1985 when i t  became e f f e c t i v e  i n  C a l i f o r n i a .  P l e a s e  c a l l  
or write t h i s  o f f i c e  i f  w e  can  be  o f  f u r t h e r  s e r v i c e  to  you. 

/ jer  
e n c s  
cc J. Wong 
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WhP1ifk1.1 MA B ~ o p r ~ ~ c I s .  In' 
P 0 Box 127. BlggS Ford Road 
Walkersv~lle Maryland 21 793 
TdephOne (301 ) 898-7025 
Toll Free (800) 638-8174 
TeIex 6919009MABIO UW 

15 November 1985 

Wi l l iam V.  Loscutof f ,  Chief  
Toxic Pol 1 u tan ts  Branch 
Re: ETO 
Cal i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear M r .  Loscutof f :  

I n  response t o  your October 28, 1985 request f o r  in format ion on 
ethylene oxide, I n te rna t i ona l  Diagnost ic  Technology (former 
address, 2551 Walsh Avenue, Santa Clara, CAI has been purchased 
by Whit taker MA Bioproducts, Walkersv i l le ,  Md. A l l  manufacturing 
operat ions w i l l  be moved t o  Maryland. Therefore, we do no t  f e e l  
t h a t  we should submit the data t h a t  you have requested. I f  you 
have any questions, please contac t  me. 

Sincere ly  , 

P a t r i c i a  B. Shrader 
P r o j e c t  Manager 



STATE OF NEW HAMPSHIRE 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 
DIVISION OF PUBLIC HEALTH SERVICES 

p~ 

H. Mary Mongan 
Actine Comissioner 
~eptaiement of Health and Human Services 

Urilliam T. Wallvce. Jr.. M.D.. M.P.H, 
Director 
Division of Public Health Services 

Health & Welfare Bldg. 
6 Hazen Drive 
Concord. N H  03301-6527 
Tel (603) 271- 

November 15, 1985 

William V. Loacutoff. Chief 
Toxic Pollutants Branch 
Re: Ethylene Oxide 
California Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Hr. Loscutoff: 

I have today received the request from Peter D. Venturini for information 
regarding ethylene oxide. The only technical information in our files which 
is not listed on your extensive reference list is a N.Y. State Chemical Fact 
Sheet (enclosed) and pp 654-5 of Handbook of Environmental Data on Organic 
Chemicals, 2"6 Edition by Karel Verschueren. 

I hope this information is of vaule. 

Sincerely, 

John F. Brown, Ph.D. 
State Toxicologist 
Division of Public Health Services 

enc. 

cc: Eleanor Robinson, EHRAU 



Regaraing +he October 28, 1385 letter fran M r .  Venturini requestillg input 
on E.T.O. exhaust from h o s p i t a l s  i n t o  +-he armsphere ,  i:y only mmwt t o  
this request  is tht h ~ s p i t ~ l s  (mall h o s p i t a l s  inpar t icu l r l r )  exhaust such 
-11 munts of E.T.O. i n t o  tile a m s p h e r e  ttmt the E.T.G. levels would 
be ~.x~!;sii,l.c- to masure. 

- 

4 loads per week 
.8 1bS. or' 5iIS Err lQ?d 
12% E.T.O. uer wund ot qas  
.3H lh .  of E.T.O. per  

W. V. LOSCUZOlL 
Toxic 'Pollutants Branch 
Ca l i fo rn ia  Air  Resources Board 
P. 0. Bojr 2815 
Sacramato, CA 95812 

RE: E.T.O. 

I would also l i ~ e  to tnank you <and Mr. V*?turini for tne  exce l l en t  
biblioglrapiIy on E.T.O. 

. -.y Dear t+r. m u t o f i :  

S incere ly ,  'y - J;LL 

Jm PliIlLLPS 
Ass i s t an t  ~uiminis t ra tor /  
Ancil lary and Support Serv ices  

L~~~~~ SHASTA COMMUNITY HOSPITAL 914 Pine Street Mount Shasta, California 96067 .916/926-6111 



Los Robles Regional 
Medical Center 

,,:, . . .  .., : h r  .s Road 
I t ! r>l~-; t r i r l  Uak; CP 31360 
I',, ,;. ), 1,4497 :?/ ' ,7  

Robefl L. Ouisr 
/~,l,,, ,,, t r  ,' 8, 

November 15, 1985 

Mr. William V. Loscutoff 
Chief Toxic Po:lutants Branch 
Re: Ethylene Oxide 
California Air Resources Board 
P. 0. Box 2815 
Sacramento, California 95812 

Dear Mr. Loscutoff: 

This is a response to your request for information regarding 
Ethylene Oxide. Fortunately, Los Robles Regional Yedical Center 
has not experienced any unusual occurrences with regard to the 
use of Ethylene Oxide in our Central Service gepartment. Our 
Employee Health Nurse has not received any reports of ill effects 
regarding the use of Ethylene Oxide. 

I hope this information will be very helpful to you. Should you 
need additional information, please contact me at your convenience. 

Very truly yours, 

, 
Marty Hodges, RN 
Quality Assurance/ 
Risk Management Coordinator 

cc: H. Hurtado, Central Service Supervisor 
J. Chang. Safety Chairperson/Employee Health Nurse 
R. Quist, Administrator 

HCA Hosoitol Oxparation 
OfAmerica 



L M8D ISOTOPES 
MERCK SHARP & DOHME/ISOTOPES 

0lvlslON OF MERCK FROSST CANAOA INC . IMweaI. C W  

Xovenber 29, 1985 

Mr. !,I. V. Loscutoff, 
California Air Resources Roard, 
P.O. Box 2815, 
Sacramento, CA 95812 

Subject: Toxic Pollutants - Ethylene Oxide. 

Gentlemen: 

I respond to.your correspondence of October 28th last recarding your 
AP5 investi~ation of Ethylene Oxide. 

Our 1al.oratories do work with Ethylene Oxide as a lahoratory chemical, 
and prepare various stahle (XON-radioactive) isotope-labelled forms for - uRe hy researchers as Dart of our dov-to-dav production of our cl~emicnls. 

iL These unique labelled chemicals are sold in mg-gram quantities to research 
laboratories equipped with nuclear magnetic resonance and/or mass spectros- 
copv instrumentation. 

!ie are a chemicals' synthesis operation, and as such , do no applica- 
tion or health effects studies. 'There such i.nfonvltion is required (for 
our staff nrotection, for >!aterial Safety Data Sheets, etc.). we too rely 
on the published technical literature. 

!4e therefore renret that we do not have any neb. or proprietary data 
to subnit to vour review panel. 

I!ould it be possible to send us a list of conpounds identified by 
your Roard as toxic air contaminants? If so, please direct it to the 
u*,2.??,;,;.:!: ,a  .,i . 

Maureen Yalloo 
Manager, Sales Service. 
FISD Isotopes. - 



METROPOLITAN DADE COUNTY. FLORIDA ENVIRONMENTAL RESOURCES MANAGEMENT 
SUITE 1310 

111 N.W. 1ST STREET 
MIAMI, FLORIDA 33128-1971 

(305) 375.3376 

November 18, 1985 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Re: Ethylene Oxide 
California Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear M r .  Loscutoff: 

Although I do not have additional information regarding the 
health effects of ethylene oxide, I would Uke to continue to 
receive information inquiries for other ARB candidate sub- 
stances. 

Sincerely, 

Carl D. Pfaffenberger, Ph.D. 
Chief, Environmental Planning 

Division 



November 25, 1985 

William Loscutoff, Chief 
Toxic Pollutants Branch 
Re: Ethylene Oxide 
California Air Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutoff: 

Thank you for your recent letter requesting information on ethylene oxide. 

Redken Laboratories does not use ethylene oxide at our Canoga Park manufacturing 
site. Therefore, we unfortunately do not have any other information on the 
health effects of ethylene oxide. 

Lf you have any other questions about this matter, please feel free to write to 
me. 

Sincerely, 

Ronald A. Kvaas 
Director Technical Services 
and Compliance 
REDKEN LABORATORIES 

RAK: gcb 
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Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Re: Ethylene Oxide 
California Air Resources Board 
P. 0. Box 2815 

- Sacramento, California 95812 

' -,L Dear Mr. Loscutoff: 

As Chairman of the Scientific Committee of the 
Ethylene Oxide Industry Council (wEOICw), I am submitting 
herewith information regarding ethylene oxide (wEO1l) in 
response to a letter dated October 28, 1985, from Mr. Peter D. 
Venturini. The specific items being submitted are described 
below. 

For your background information, the EOIC is a special 
program of the Chemical Manufacturers Association representing 
both producers and users of EO. The membership of the EOIC 
accounts for over 90 percent of domestic production of EO and 
includes ethoxylators and a broad spectrum of companies (other 
than hospitals) that use EO as a sterilant for medical supplies 
and food products. The EOIC is principally involved in the 
development and communication of scientific information 
relating to EO. 



Mr. William V. Loscutoff 
December 2, 1985 
Page 2 

Description of Information Submitted 

1. Comprehensive Hazard Assessment 

Dr. Leon Golberg, Professor of Community/Occupational 
Medicine, Duke University Medical Center, has prepared a 
comprehensive hazard assessment of Eo, as a consultant to the 
EOIC. In the Hazard Assessment, Dr. Golberg discusses the 
relevant qualitative and quantitative information regarding EO, 
and characterizes the hazards associated with exposure to EO, 
using three quantitative zones of time-weighted exposure. The 
Golberg Hazard Assessment is being published by CRC Reviews. 
The enclosed document is an April 1984 draft that has been 
submitted to EPA in connection with its draft Health Assessment 
Document for EO. Dr. Golberg's Hazard Assessment has since 
undergone additional peer-review and is now undergoing final 
preparations for publication. We expect to receive permission 
from CRC to submit a copy of the revised Hazard Assessment, and 
we will send it to you once permission is received and a 
prepublication or published version is available. Also 
enclosed in connection with Dr. Golbergfs Hazard Assessment are 
peer review comments by Dr. Robert A. Squire and Dr. Joseph 
Grisham, who reviewed the enclosed version of the Hazard 
Assessment. Enclosed in addition are a report by Dr. Robert L. 
Sielken, Jr. on the statistical extrapolation in the EPA HAD 
and a sensitivity analysis by Dr. Sielken of important 
assumptions in the EPA extrapolation. 

2. Reproductive Effects 

The EOIC has prepared a significant amount of 
information regarding the report by Hemminki et al. of 
reproductive effects in sterilant workers exposed to EO. 
Enclosed are: (a) an EOIC Assessment Report on the Hemminki 
study: (b) a Trip Report of an EOIC visit with Dr. Hemminki 
(the handwritten original of which was signed by Dr. Hemminki); 
(c) correspondence in the British Medical Journal regarding the 
Hemminki study; and (d) peer review comments on the Hemminki 
study. Also enclosed are a report by Dr. Susan Austin on 
reproductive epidemiology regarding EO and a submission to OSHA 
by Dr. William M. Snellings regarding the one-generation 
reproduction and teratology studies on rats conducted at Bushy 
Run Research Center. 



Mr. William V. Loscutoff - December 2, 1985 
'Y Page 3 

3. Human Mortality Studies 

Enclosed are copies of mortality.studies by Morgan et 
al. and Thiess et al. that were not included in the - 
mliography attached to Mr. Venturinils letter. Also attached 
is a report by Dr. Robert Morgan on the human mortality studies. 

4. Cytogenetic Effects 

Enclosed are unpublished reports by Dr. Julian 
Preston, Oak Ridge National Laboratory, regarding the use of 
cytogenetic data to assess risk or to monitor exposed 
populations. 

5. Science Advisor, Board Letter 

Enclosed is a letter from the EPA Science Advisory 
Board (SAB) to the EPA Administrator, setting forth the SAB1s 
comments on EPA's draft health assessment document for EO. 

- 6. EOIC Comments 

-' L Enclosed are comments that the EOIC is submitting to 
the United States Environmental Protection Agency in response 
to that agency's notice of intent to list EO as a hazardous air 
pollutant under section 112 of the Clean Air Act. 

Please do not hesitate to let me know if I can be of 
any further assistance in this matter. 

truly yours, 

Q4YLm &;Nl 

Norman W. Gaines 
Chairman, Scientific Committee 

Mr. Richard L. Davis (w/enc.) 
Chemical Industry Council 

of California 



ama CALIFORNIA MEDICAL ASSOCIATION 
44 Gough Street San Francisco. California 94103-1233 (415) 863-5522 

December 6, 1985 

Wi l l i am V .  Loscutof f ,  Chief 
Toxic  Po l l un tan ts  Branch 
RE: Ethylene Oxide 
C a l i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear M r .  Loscuto f f :  

When I rece ived your request f o r  i n fo rma t ion  regarding ethylene 
oxide, I forwarded i t on t o  my Committee on Environmental Heal th 
as we l l  as my Committee on Occupational Heal th f o r  t h e i r  review. 
Both Chairmen p u t  i t  on t h e i r  meeting agendas t o  be discussed. 

The committee members were very i n t e r e s t e d  i n  t h e  A i r  Resources 
Board's t o x i c  a i r  contaminant program and would 1 i k e  t o  be kept  
appr ised o f  you r  progress; however, they d i d n ' t  f e e l  they had the  
expe r t i se  t o  add any i n p u t  and so dec l ined commenting on ethylene 
oxide. 

Please be sure the  C a l i f o r n i a  Medical Assoc ia t ion  i s  on your ma i l i ng  
l i s t  f o r  f u t u r e  requests and I w i l l  cont inue t o  send them on t o  
t h e  appropr ia te  comnittees. 

Sincere ly ,  

Cather ine L. Maley 
S t a f f  Coordinator  
Community Heal t h  Services 

cc: M a r t i n  J. Gav'in, Jr., M.D. 
Rebecca Cra ig  



U . S .  ARMY ENVIRONMENTAL HYGIENE AGENCY 
I n d u s t r i a l  H y g i e n e  D i v i s i o n  

Aberdeen  P r o v i n g  Ground,  M a r y l a n d  21010-5422 

J a n u a r y  3 ,  1986  

SUBJECT: E t h y l e n e  0x i .de  C a l i f o r n i a  A i r  R e s o u r c e s  B o a r d  

W i l l i a m  V .  L o s c u t o f f  
C h i e f  T o x i c  P o l l u t a n t s  B r a n c h  
P .  0 .  Box 2815 
Sac ramen to ,  C a l i f o r n i a  95812  

n e a r  M r .  L o s c u t o f f :  - 
R e f e r e n c e  y o u r  l e t t e r  d a t e d  O c t o b e r  28, 1985,  

s u b j e c t :  R e q u e s t  f o r  I n f o r m a t i o n  R e g a r d i n g  E t h y l e n e  
O x i d e .  

I am n o t  aware  o f  a n y  i n f o r m a t i o n  c o n c e r n i n g  
a d v e r s e  h e a l t h  e f f e c t s  o f  e t h y l e n e  o x i d e  t h a t  i s  more  
c u r r e n t  t h a n  t h e  c i t a t i o n s  l i s t e d  i n  t h e  a t t a c h m e n t  t o  
t h e  r e f e r e n c e d  l e t t e r .  

P l e a s e  send  me a  c o p y  o f  y o u r  f i n a l  r e p o r t  on t h e  
h e a l t h  e f f e c t s  o f  e t h y l e n e  o x i d e  when i t  becomes 
a v a i l a b l e .  My a d d r e s s  i s :  Commander, U .  S. Army 
E n v i r o n m e n t a l  H y g i e n e  Agency,  ATTN: HSHB-01-S/CPT 
C a l  d w e l l ,  Aberdeen  P r o v i n g  Ground,  MD 21010-5422 .  

S i n c e r e l y ,  

b' 
D a n i e l  J. C a l d ~ e l l  
C a p t a i n ,  M e d i c a l  S e r v i c e  

C o r p s  
H o s p i t a l  I n d u s t r i a l  

' H y g i e n i s t  



P A C I F I C  GAS AND ELECTRIC COMPANY 

. I / , , ' . ,  , I : ! ;  + 7 7  BEALE STREET . SAN FRANCISCO, CALIFORNIA 114106 . ( 4 1 5 )  781.42:: . TWX 910.372.6587 

June 4 ,  1 9 8 6  

Mr. Wi l l i am V. L o s c u t o f f ,  Chief  
Toxic  P o l l u t a n t s  Branch 
R e :  E t h y l e n e  Oxide 
C a l i f o r n i a  A i r  Resources  Board 
P.O. Box 2815 
Sac ramen to ,  C a l i f o r n i a  95812 

Dear Mr. Loscu to f f  : 

Reques t  f o r  P u b l i c  H e a l t h  
I n f o r m a t i o n  Regarding E t h y l e n e  Oxide 

P a c i f i c  Gas and E l e c t r i c  Company r e c e i v e d  your  October  2 8 ,  1985 
r e q u e s t  f o r  a d d i t i o n a l  p u b l i c  h e a l t h  i n f o r m a t i o n  r e g a r d i n g  
E t h y l e n e  Oxide.  We have reviewed ' t h e  b i b l i o g r a p h y  a t t a c h e d  t o  
y o u r  r e q u e s t  and conc luded  t h a t  w e  a r e  unaware o f  any a d d i t i o n a l  
i n f o r m a t i o n  which would be o f  use  t o  you. 

When t h e  r i s k  a s s e s s m e n t  r e p o r t  becomes a v a i l a b l e ,  p l e a s e  send  m e  
a copy.  

S i n c e r e l y ,  



APPENDIX B 

HEALTH EFFECTS REQUEST TO DHS AND LETTER OF RESPONSE 



: Kenneth Kizer, M.D., Director 
Dept. of Health Services 
714 P Street 
Sacramento, CA 95814 , , 

t I , \, ! , ?'i'd 

James -5: ; ~ o v d  i 1 

Subject: Evaluation of 
Ethylene Oxide 

~xecutivk officer 
From : Air ~erour;er Board 

I am writing to formally request that the Department 
evaluate the health effects of ethylene oxide as a candidate toxic 
air contaminant in accordance with &-ssembly Bill 1807 (Tanner). 
According to Health and Safety Code Sections 39660-62, your 
Department has ninety days to sub~it a written evaluation and 
recommendations on the health effects of ethylene oxide to the Air 
Xesources Board. If necessary, the Dapartment nay request a 
thirty-day extension. Attached for your staff's consideration in 
evaluating ethylene oxide are: Attachment I - a list of references 
on ethylene oxide health effects which were identified in an ARB 
letter of public inquiry: Attachment I1 - a supplemental list of 

- references provided by the public in response to the ARB inquiry 
letter; and Attachment I11 - estimated ambient ethylene oxide 

-W concentrations which should be used, to estinate the range of risk to 
California residents as required in Health and Safety Code Section 
39660(c). 

My staff is:qvailable for consultation in conducting this 
health effects evaluation. We look forward to continuing to work 
closcly with yo2 and your staff ir carrying out this legislative 
mandate. If you have any further questions regarding this matter, 
please contact meat 445-4383 or have your staff contact 
Peter D. Venturini, Chief of the Stationary Source Division, at 
445-0650. 

Attachments 

cc : Jananne Sharpless 
Alex Kelter, DHS, w/attacnments 
Raymond Neutra, DHS, w/attachments 
Peter D. Venturini, ARB 
Assemblywoman Sally Tanner 
Clare Berryhill, DFA 
Emil Mrak, Chairman and member of the Scientific 

Review Panel 
Senator Ralph Dills 
Senator Art Torres 
John Holmes, ARB 



ATTACHMENT I 

References on Ethylene Oxide Health Effects Prepared bythe Air 
Resources Board. 



STATE O F  CALIFORNIA GEORGE DEUKMUIAN,  Oormr 

- RESOURCES BOARD 
L o  sncn 
P.O. BOX 2815 
SACRAMENTO. U 95812 

October 28, 1985 

Dear Sir or Madam: 

Request for Information Regarding Ethylene Oxide 

I am writing to request information on the health effects 
of ethylene oxide as part of our toxic air contaminant program. 
This program is based on Health and Safety Code Sections 39650, 
seq. which requires the Air Resources Board (ARB) to prepare a 
report which would serve as the basis for regulatory action and to 
determine by regulation, whether a substance is a toxlc air 
contaminant. Once identified as a toxic air contaminant, the law 
further requires that the ARB prepare a report on the need and 
appropriate degree of regulation for the substance. After 

- consultation with the staff of the Department of Health Services 
(DHS), we have selected ethylene oxide as a candidate toxic air 

w contaminant to be evaluated in accordance with the provisions of 
Health and Safety Code Sections 39650, et seq. During our 
evaluation of ethylene oxide, we will consider all available health 
information regarding this substance. Additionally, we are 
soliciting information regarding possible biological transformations 
of ethylene oxide. 

Before the ARB can formally identify a substance as a toxic 
air contaminant, several steps must be taken. First, the ARB must 
request the Department of Health Services to evaluate the health 
effects of the candidate substance. Second, the ARB staff must 
prepare a report which includes the health effects evaluation and 
then submit the report to a Scientific Review Panel for its review. 
The report submitted to the Panel will be made available to the 
public. Information submitted in response to this request will be 
considered in the report to the Panel. Although any person may also 
submit information directly to the Panel for its consideration, I 
urge you to submit all information at this time for our 
consideration in the development of the report for the Panel. The 
Panel reviews the sufficiency of the information, methods, and data 
used by the DHS in its evaluation. Last, after review by the 
Scientific Review Panel, the report with the written findings of the 
Panel will be considered by the Air Resources Board and will be the 
basis for any regulatory action by the Board officially to identify 
a substance as a toxic air contaminant. 



Prior to formally requesting the DHS to prepare a health 
effects evaluation of ethylene oxide, we are providing, pursuant to 
the provisions of Section 39660(e) of the Health and Safety Code, an 
opportunity for interested parties to submit information on the 
health effects of ethylene oxiae which he or she believes would be 
important in DHS' evaluation of ethylene oxide as a candidate toxic 
air contaminant. 

In July 1985, we received a reference search on ethylene 
oxide health effects using the MEDLINE, TOXLINE, and BIOSIS data 
bases available from the National Library of Medicine and/or Dialog 
information services. These information services include material 
published from 1965 to mid-1985. The attached bibliography lists 
the references from this information search. We are requesting 
pertinent information on ethylene oxide health effects, including 
any material that may not be available to the public and/or that is 
not included in the attached bibliography. 

Pursuant to the provisions of the Public Records Act 
(Government Code Sections 6280 et seq.), the information you provide 
will be public record and subject to public disclosure, except for 
trade secrets which are not emission data or other information which 
is exempt from disclosure or the disclosure of which is prohibited 
by law. The information may also be released to the Environmental 
Protection Agency, which protects trade secrets and confidential 
information in accordance with federal law, and to other public 
agencies, which are also required to protect such information. 

To expedite the review process, we ask that any information 
which you believe should be regarded as "trade secret* be clearly 
marked and separated from other information. You may identify 
portions of the information you submit as "trade secret' in 
accordance with Health and Safety Code Section 39660(e). The claim 
of trade secrecy must be supported upon the request of the Air 
Resources Board. Other information claimed to be trade secret and 
information otherwise claimed to be exempt from disclosure may be 
identified as confidential in accordance with Section 91011, Title 
17, California Administrative Code. Section 91011 requires that the 
claim of confidentiality be accompanied by specified supporting 
information. 

I would appreciate receiving any relevant information you 
wish to submit by December 2, 1985. Your help in expediting our 
review will be greatly appreciated. Please send the information to 
the attention of: 



William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Re: Ethylene Oxide 
California Air Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

If you have any further questions regarding health effects 
information, please contact Mr. John Batchelder at (916) 323-1505. 
For any other questions, please contact Mr. Robert Barham at (916) 
322-7072. 

If you are not the person to whom this request should be 
addressed, please forward it to the appropriate person in your 
organization. Also, please let us know whether you would like to 
continue to receive information inquiries for other candidate 
substances, and if not, if there is anyone in your organization to 
whom such requests should be sent. 

Sincerely, --, 

:er D. Venturini, Chler 
Stationary Source Division 

Attachment 

CC: Alex Kelter, DHS 
Lori Johnston, DFA 
Wayne Morgan, President, CAPCOA 
Jan Bush, Executive Secretary, CAPCOA 
David Howekamp, EPA Region IX 
Assemblywoman Sally Tanner, C.~airwoman, Committee on 

Toxic Materials 
Senator Ralph Dills, Chairman, Committee on Governmental 

Organization 
Senator Art Torres, Chairman., Committee on Toxics 

and Public Safety Management 
Emil Mrak, Chairman, and Scientific Review.Pane1 Members 
APCOS 



Refe rence*  f o r  The H e a l t h  E f f e c t *  o f  E t h y l e n e  Ox ide  (10 /10 /1905)  

V 
1 )  Anon \ E t h y l e n e  o x i d e  t o x i c o l o g y  and i t s  r e l e v a n c e  t o  man: \An up -da t i ng .  of  

ECETOC Techn ic .a l  Repor t  No.5, European Chemica l  I n d u s t r y ,  E c o l o g y  and T o x i c o l o g y  
C e n t r e ,  64vcnue L o u i s e  250, B o : i t e  63, 1050 B r u k e l l e s ,  Be lg ium,  26 Mar. 1984. 47p. 
101 r e + .  

? !  anon l T o r l c i t y  of  e t h y l e n e  o x i d e  and ~ t s  r e l e v a n c e  t o  nan, \European Chemical 
I n d u s t r y .  E c a l o g y  and l o x i c o l o g y  Cen t re ,  Avenue L o u i s e  25u, 8 o : l t e  6 5 .  1050 
B r u x e l l e s ,  Be lg ium,  20 Sep. 1982. 75p. I l l u s .  146 r e f .  

31 Anon \ E t h y l e n e  o x i d e  \ N a t i o n a l  I n s t i t u t e  f o r  O c c u p a t i o n a l  S a f e t v  and H e a l t h ,  
4676 Co lumbia  Parkway, C i n c i n n a t i ,  Oh io  45226, USA,, 22 Hay 1981.. 22p. 49 r e f .  

4 )  knon ? E t h y l e n e  oxide.  R e b u t t a b l e  p r e s u m p t i o n  a g a i n s t  r e q i s t r a t i o n ,  maximum 
r e s i d u e  l i m i t s  and d a i l y  l e v e l s  o f  exposu re  \Fed. R e g i s t . ,  VOL 43, ISS 19, 
1976,3800-15 

5 )  Anon ~ Z i o l o g i c a i  e f f e c t s  o f  a l k v l a t i n g  agen ts .  \Ann. N. Y .  Acad. S c i . ,  
l a : ( : ~  : 5 8 r -  1029 1969 

b !  knon :Has any r e c e n t  r e s e a r c h  shown e t h v l e n e  o r  e t h v l e n e  o x i d e  t o  be  
c a r c i n o g e n i c ' ?  I f  so. i n  what c o n c e n t r a t i o n s ?  \B r .  Med. J. l ( b l i 2 ) :  1174 1979 

i) Anan { E t h y l e n e  o x i d e ,  e t h y l e n e  c h l o r o h v d r i n ,  and e t h y l e n e  g l y c o l ,  p ronosed  
- maximur r e s i d u e  l i m i t s  and maximum l e v e l s  o f  exposu re  \Fed. H e g i s t . .  VOL 43, ISS 

122, 1976.27474-83 
b 

t i )  l n a n  \Hazard  a l e r t - - e t h y l e n e  o x i d e  ?MeJ. Wor ld ,  VOL 121 ISS S p r i n g  1963, P15, 
(REF 1 2 ) .  

9 i  Anon . E t h v l e n e  ox ide :  e v i d e n c e  o f  carcinogenicity ?Vet.  hum. T o x i c o l . ,  VDL 
23, 155 6, 1961,439-43 

10)  Aope lg ren  LE , E n e r o t h  6 . Gran t  C \ S t u d i e s  on e t h v l e n e  ox ide :  whole-body 
a u t o r a d ~ o g r a p h v  and dominant l e t h a l  t e s t  i n  m i c e  \Proc .  Eur.  Soc. T o x i c o l . ,  VOL 
18. ISS C l i n .  T o x i c o l . .  1977,315-17 

11)  Appe lq ren  LE , Enero th  G . Gran t  C , Landst r :om LE , Tenghagen K \ T e s t i n g  o f  
e t h v l e n e  o a i d e  + o r  m u t a g e n i c i t y  u s i n o  t h e  m i c r o n u c i e u s  t e s t  i n  m i c e  and r a t s .  
\Ac:a Pharmacol  T o x i c o l  (Copenh) 1978 Ju1 ,43 i1 ) :69 -71  

12)  Ashby 4 , Paton D , S t y l e s  JA , G r e a t b a n k s  D . Wr igh t  B \Synthesis o f  N T -  
h y d r o x . < e t h v l q u a n i n e  and 0 6 - h y d r o x y e t h y l g u a n ~ n e .  H a r k e r s  f o r  t h e  r e a c t i o n  o f  
e t h y l e n e  o x i d e  (EOI w i t h  DNA. \Mu ta t  Res, VOL 103, ISS 5-6. 1982, P257-61 

1;; A u s t i n  5G , SCHNLTTER AH \ A  c a s e - c o n t r o l  s t u d y  o f  chemica l  exuosu ras  ana 
b r a i n  t u m ~ r ;  i n  p e t r o c h e m i c a l  workers .  \ J  OCCUP HED. 25 ( 4 ) .  1983. 313-320. 

14)  B a n e r j e e  S  , Van Duuren BL , K l i n e  SA \ I n t e r a c i i o ~  0; p o t e n t i a l  m e t a b o l i t e s  
o f  t h e  c a r c i n o g e n  e t h y l e n e  d i b r o m i d e  w i t h  p r o t e i n  and DNA i n  v i t r o .  \Biochem 
B iophys  Res Commun 1979 Oct 29,90(4):12:4-20 



15' B a r r i i n  H , ~ a i b  P J  , B d r t s c h  H  \Lack  of m i S c 0 d l n g  p r a p e r t l e s  o f  7 - : 2 -  
o , : o e t h u t ) g u r . 3 i n e  t h e  m d j o r  g l n y l  c h l o r i d e - D N A  a d d u c t .  \Cancer  Hes. CdL 4 5  ISS b .  
1 ~ a 3 ,  P Z ~ ~ Q - 4  

i t m  B a r d o d e j  ; \ J r b r e n e .  ~ t s  m e t a b o i l s m  and t h e  e v a l u a t i o n  o f  h a z a r d s  i n  
~ n d u s t r v ,  !S,:and J Work En ; i ron  H e a l t h  1 9 i 8 , 4  Supp l  ?:95-103 

1:; B a r l o w  5N , S u l l i v a n  FM : f i e p r o d u c t i v e  h a z a r d s  o f  i n d u s t r i a l  chemicals 
' n r a d e m l c  Pres;  (London1 ~ t d . ,  24-28 Ova l  Road, London NWl 7DX.  U n i t e d  Kingdom , 
!"4L., 3106.  B l b l .  

1 8 '  B a r v a  3 \DCHINANT LETHAL TESTS OF SPICES TREATED WITH ETHYLENE OXIDE \ I l T H  
A Y t ~ l l F l .  METING OF THE EUROPEAN ENVIRONMENTAL MUTAGEN SOCIETY, BUDAPEST. 
IUNGAHY, JULY 1  1'781. MUTAT RES 97  ( 3 1 .  1982. 170. 

191  B a r t s c h  H  , M a l a v e i l l e  C  , B a r b i n  A . P l a n c h e  G \ M u t a g e n i c  and a l k y l a t i n g  
m e t a b o l i t e s  0 4  h a l o - e t h y l b n e s ,  c h l o r o b u t a d i e n e s  and o i c h l o r a b u t e n e s  p r o d u c e d  by  
r o d e n t  o r  human l i v e r  t i s s u e s .  E v r d e n c e  f o r  o x i r a n e  f o r n a t l o n  b y  P4SO- l i n ked  
m i c r o % o n a l  mono-a:ivqenases. \ A r c h  T o x i c 0 1  1979 Feb 23 ,4114) :249-77  

2 B a r t s c h  H  , TOMATIS L . HALAVEILLE C \QUALITRTIVE AND QUANTITATIVE 
CONFUSISOIVS BETYEEN MUTAGENlC AND CARCINOGENIC ACTIVITIES OF CHEMICALS 
::tlThGEN:NEW HOHIZ GENET TOXICOL 1982, 35-72,1982 

21: B i s h o p  JB , K o d e l l  HL \The heritable t r a n s l o c a t i o n  assay :  ~ t s  r e l a t i o n s h i p  t o  
assessment o t  g e n e t i c  r i s k  f o r  f u t u r e  g e n e r a t i o n s .  { T e r a t o g .  C a r c i n o g .  Mutag. 1: 
30:-v- . J L  1981 ( 7 8  R e f e r e n c e s )  

, '. ,-. P i s h u n  N , S m i t h  N  , W l l l i a m s  D \ M u t a t i o n s ,  chromosome a b e r r a t i o n s  and 
c l n c e r .  i C i i n .  Onco l .  4i .51: 251-2b3 1978 ( 1 8  R e f e r e n c e s 1  

7 7 ,  -.,. B G ! ~  YM \ C R r o n i e  t z r i c i t v  and o n c o u e n i c i t y  b i o a s s a y  o f  i n n a l e d  e t n v i e n e  i n  
F..icher-;J4 r a t s .  Commen?~ ;Fundam. A p p l .  T o x i c o i . ,  VOL 5 ISS 1, 1485,203 

2 4 1  B o l t  nf! , F i l s e r  JG ' O l e f i n i t  h vd roca rbons :  a  f i r s t  r i s k  e s t i m a r e  f o r  e t h e n e .  
: . I ; : . ,~cn!  P a t h o l  ! 4 E J q 1 2 i l ! :  131-5 

TS! 8op.e G , URBAN T , REICHERT D  , HENSCHLER D \Chem ica l  r e a c t i v l t v ,  m e t a b o l i c  
o > : i r a n e  f o r % a t i o n  and biological r e a c t i v i t y  o f  c h l u r i n a t e d  e t h y l e n e .  i n  t h e  
i s o i a t e d  p e r f u s e a  r a t  l i v e r  p r e p a r a t i o n .  \BIOCHEfl PHAEMACCL, 24 i 1 9 ) .  1975 1829- 
: 6 3 0  

2 b )  B o r d e r  EA , Webster  I \The e f f e c t  o f  v r n y l  c h l o r l d e  monomer, c h l o r o e t h y l e n e  
o r i o e  and s h l o r a c a t a i d e h y d e  on DNA synthesis i n  regenerating r a t  l i v e r .  \Chem B l o l  
! n t e r a c t  1777 M a v , l i t 2 l : Z 3 + - J i  

2 7 )  B r i o q e s  BA \ASSESSMENT OF THE RISK T O  MAN FROM DNA DkMAGINB Q6ENTS 
r i iEVMESEN, d .  ET AL, t E 5 . i .  ARCHIVES OF TOXICOLOGY, SUPPL. :., O ( 01 .  1980. P271- 
282 ,  Qt iQNrITAi7vE nSPECTS OF RISE ASSESSMENT I N  CHEMICAL CAfiCINOGENESIS, 
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2131 #?own AM , PhGCH i , DEVPSEY J \ I N  V I T R O  DETECTION OF GASEJUS MUTAGENS BY 
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Californid Stdte Un~vers~ty Sdcramento 
L 6mn 1 STREET. SACRAMENTO, CALIFORNIA 9581%- 

October 31, 1985 

Mr. Peter D. Venturini, Chief 
Stationary Source Division 
Air Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

Dear Mr. Venturini: 

I am referring your request of October 28th to Dr. Arnold Golub, 
Director of Research and Sponsored Programs. Dr. Golub is the person that 
should receive further requests of this kind. 

J E S m  

cc: Dr. Golub 

WE CAUFORNIA STATE UNIVERSlTY 



P.O. BOX 7800 
SAN FRANUSCQ. 84'lPO 
PHONE [4'lq 465T160 

October 31, 1985 

Mr. Wi l l iam V. Loscutoff, Chief 
Toxic Pol lutants Branch 
Re: Ethylene Oxide 
Ca l i fo rn ia  A i r  Resources Board 
P.O. Box 2815 
Sacramento, Ca l i f .  95812 

Dear Mr. Loscuttoff:  

With t h i s  note we acknowledge the rece ipt  o f  your l e t t e r  en t i l ted :  
Request fo r  Information Regarding Ethylene Oxide. 

We do not  d i s t r i bu te  t h i s  product, are not  manufacturers and do not, 
t o  the best o f  our knowledge, have any experience regarding the product 
and i t s  ef fects.  

Very t r u l y  yours, 

'Sheldon B. Cameron 
Marketing Sewices Manager 

SBC: g r  



Mr. W i l l i a m  V. Loscutoff, Chief 
Toxic Pollutants Branch 
California Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear M r .  ~oscu to f  f :  

Re: Ethylene Oxide 

This is i n  response of your request f o r  information concerning health 
e f fec t s  of Ethylene Oxide. 

Barnes-Hind is a DOHS registered user of Ethylene Oxide only. It is 
used a s  a s t e r i l an t  gas as part  of our production process of pharma- 
ceut ical  and consumer ophthalmic solutions. We have no additional data 
or  information to submit to the ARB regarding the health e f fec t s  of 
Ethylene Oxide. 

- 
-b However, we would appreciate being kept apprised of ongoing developments, 

notice of intended rule changes, regulatory actions, e tc .  vis-a-vis 
Ethylene Oxide emissions. Thank you. 

Very t ruly  yours, 

/Joes.eph. J . ~ e r n o s 6 .  Jr . 
Manager, Safety and Environmental Affairs 

JJB : dpc 

cc: D. Hanson 



November 4 ,  1985 

Peter D. Ventur ini ,  Chief 
Stationary Sources Division 
Air Resources Board 
1102 Q Street  
P.D.BOX 2815 
Sacramento, Ca. 95812 

Dear Mr .  Venturini:  

Thank you f o r  the Reference f o r  the Effects o f  Ethylene Oxide (10-10-85). 
A t  th is  time we have nothing to  contribute to the review. 

Any fur ther  comnunication should be addressed to me. 
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Supplemental References on Ethylene Oxide Health Effects Provided by 
the Public. 
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Attachment I11 
Estimated Ambient Ethylene Oxide Concentrations 

Although ethylene oxide (EtO) is not manufactured in 
California, it is estimated that between five and ten million pounds 
are imported for California use annually. EtO use is expected to 
stay at current levels in the near future. More than 90% of 
ethylene oxide emissions statewide are from sterilization of medical 
products and fumigation of spices and other foodstuffs. 

EtO has not been detected in the ambient air and the 
detection limit (approximately 200 micrograms per cubic meter) is 
above the estimated maximum concentration downwind of a major 
source. At one industrial source, the Schillings Company facility 
in Salinas, California, the Air Resources Board (ARB) conducted an 
emission source test and modeled the dispersion plume to estimate 
the maximum ambient concentrations to which the public might be 
exposed. The maximum annual average ground level concentration from 
this source was estimated to be 38.5 micrograms per cubic meter 
(21.4 ppb) above the ambient level. Although the ambient level has 
not been measured, it can be assumed to be zero for the risk 
calculations. 

The Schillings facility emits an estimated 17 tons of EtO 
per year. The ARB is aware of a facility in the South Coast Air 

-L Basin that is estimated to emit 120 tons/year of EtO, or about seven 
times as much as the Schillings facility. Therefore, for the 
purpose of risk assessment, concentrations up to 270 micrograms per 
cubic meter (150 ppb) should be considered. 

Numerically, hospitals represent the largest category of 
emission sources of ethylene oxide in California. A typical large 
city hospital uses roughly 2.5 tons/year of ethylene oxide. 
Assuming 100% of the EtO used is emitted, a maximum annual ground 
level concentration from such a source is estimated to be about 16.5 
micrograms per cubic meter (9 ppb) above the ambient level. 
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SOUTH COAST AREA MODELING METHODS AND RESULTS 
- 
u 

The i n f o r n ~ a t i o n  i n  t h i s  sec t i on  prov ides a d e t a i l e d  d e s c r i p t i o n  o f  t h e  

methods used t o  o b t a i n  the  exposure est imates presented i n  Sect ion  I - A  o f  t h e  

repor t .  

The ARB s t a f f  decided t o  perform area-wide emission modeling, i n  o r d e r  t o  

determine t h e  cumula t ive  impact r e s u l t i n g  f rom a combinat ion o f  ethy lene ox ide  

emission sources. Th is  ana lys is  prov ided exposure data which was used t o  

es t imate  t h e  aggregate increased h e a l t h  r i s k  a t t r i b u t a b l e  t o  e thy lene oxide. 

I. METHODS TO DETERMINE EEIISSIONS 

An area o f  t h e  South Coast A i r  Basin was chosen f o r  a i r  q u a l i t y  model ing 

because i t  has a l a r g e  popu la t ion  and a r e l a t i v e l y  h igh  popu la t i on  dens i ty ,  

and because i t has many h o s p i t a l  s t e r i l i z e r s  and a few l a r g e  i n d u s t r i a l  

- sources o f  e thy lene oxide. A l l  the  h o s p i t a l s  and i n d u s t r i a l  f a c i l i t i e s  t h a t  

-u were known t o  use e thy lene ox ide  were inc luded,  i f  they  l a y  w i t h i n  an 

i nven to ry  area bounded genera l l y  by: on the  nor th,  the  Santa Monica 

Mountains, i n c l u d i n g  southern Glendale and Pasadena; on t h e  south, Rosecrans 

Ave.; on t h e  west, P a c i f i c  Palisades southward t o  t h e  P a c i f i c  Ocean; on t h e  

east,  B loomf ie ld  Ave. northward t o  Rosemead Blvd. and Temple C i t y  Blvd. 

The i n v e n t o r y  area was bounded by t h e  f o l l o w i n g  UTM (Universal  Transverse 

Mercator) coord ina tes :  5-3749, N-3778, E-399, U-362. These were chosen by  

ba lanc ing  t h e  d e s i r e  t o  inc lude a l a r g e  number o f  emission sources i n  a dense 

popu la t i on  area, w i t h  t h e  techn ica l  l i m i t a t i o n s  and cos ts  o f  model ing an 

ex tens ive  area. 

ARB s t a f f  se lec ted  a l l  acute-care h o s p i t a l s  which were l o c a t e d  i n  t h e  

i nven to ry  area from t h e  "Health F a c i l i t i e s  D i r e c t o r y "  pub1 ished by t h e  

Department o f  Hea l th  Services i n  J u l y  1985. To complete t h e  l i s t ,  s t a f f  a l s o  
L 



consulted "A Guide t o  the  Heal th Care F ie ldN  publ ished by the American 

Hospital  Associat ion i n  1985. The l o c a t i o n s  o f  a l l  these hosp i ta l s  were 

p l o t t e d  on topographic maps. The i nven to ry  area encompassed 71 hosp i ta l s ,  

i nc lud ing  one w i t h  two l oca t i ons .  The inventory  area a lso  inc luded one l a r g e  

i n d u s t r i a l  user o f  ethy lene ox ide  and two e thy lene oxide gas repackaging 

f a c i l  i t i e s .  

ARB s t a f f  contacted each h o s p i t a l  i n  the inventory area by telephone 

dur ing  March, 1986. In fo rmat ion  s o l i c i t e d  inc luded number and s izes  o f  

s t e r i l i z e r s  i n  use, frequency o f  s t e r i l i z e r  use, pounds o f  gas used per load, 

t ime o f  day o f  emissions, and he igh t  above ground o f  emissions. 

O f  the  72 hosp i ta l  l oca t i ons  o r i g i n a l l y  i d e n t i f i e d ,  f o u r  were c losed a t  

the  t ime o f  the  survey and 13 repor ted  t h a t  no ethylene oxide s t e r i l i z e r s  were 

used a t  t h a t  f a c i l i t y .  O f  the  55 t h a t  acknowledged use o f  ethylene oxide, 

approximately ha1 f o f  the  respondents d i d  n o t  know how many pounds of  gas 

t h e i r  s t e r i l i z e r s  used per load. I n  these cases the amount o f  gas purchased 

over a pe r iod  o f  t ime was accepted as an a l t e r n a t e  means o f  c a l c u l a t i n g  

emissions. 

Emission ra tes  were ca l cu la ted  by m u l t i p l y i n g  loads per week by pounds per 

l o a d  and m u l t i p l y i n g  by 12% i f  the  s t e r i l a n t  gas {nix cons i s t i ng  o f  12% 

ethylene ox ide were used. I f  the  amount o f  gas purchased per month was given. 

t h e  number o f  pounds o f  gas was d i v ided  by the  appropr iate number o f  loads per  

month and m u l t i p l i e d  by 12% i f  s t e r i l a n t  gas mix were used. Because most 

h o s p i t a l s  d i d  n o t  operate t h e i r  s t e r i l i z e r s  seven days per week a c a l c u l a t i o n  

o f  pounds o f  ethy lene ox ide  emi t ted  per  week was d iv ided by seven t o  ob ta in  

d a i l y  en~iss ions.  Many hosp i ta l s  d i d  no t  f o l l o w  an operat ing schedule but 

operated t h e i r  s t e r i l i z e r s  as needed. For hosp i ta l s  which repor ted a range o f  

h ~ u r s  over which ethy lene ox ide  might  be released, the average was designated 

as the  t ime o f  release. 

C-2 



Respondents repo r ted  t h a t  some o f  the  gas purchased was re turned t o  t h e  

d i s t r i b u t o r s .  There were two reasons f o r  t h i s .  F i r s t ,  when t h e  pressure i n  

the c y l i n d e r  no longer  d e l i v e r s  gas t o  the  s t e r i l i z e r  chamber a t  a s u f f i c i e n t  

r a t e  t o  a p p r o p r i a t e l y  p ressur ize  the chamber, t h e  c y l i n d e r  i s  changed. The 

pressure a t  which t h e  c y l i n d e r  i s  changed va r ies  from h o s p i t a l  t o  hosp i ta l .  

Some h o s p i t a l s  remove i t  a t  as low as 20 p s i  gauge pressure, w h i l e  o thers  

remove i t  a t  as h i g h  as 50 ps i .  Second, the  product  has a l i m i t e d  s h e l f - l i f e  

due t o  a ca ta l yzed  po lymer iza t ion  react ion. Therefore, some f a c i l i t i e s  employ 

a p u l l - d a t e  system which can r e s u l t  i n  unused gas be ing  re turned t o  t h e  

d i s t r i b u t o r .  

To a r r i v e  a t  a reasonable c o r r e c t i o n  f o r  res idua l  gas n o t  re leased a t  the  

hosp i ta l s ,  s t a f f  reviewed t h e  data and noted t h a t  data on both  pounds per  

load, as w e l l  as pounds purchased i n  a t ime pe r iod  and number o f  loads f o r  

- t h a t  t ime per iod,  were a v a i l a b l e  f o r  15% o f  t h e  hosp i ta l s .  Ca lcu la t ions  
'v 

showed the  percentage o f  c y l i n d e r  gas returned ranged from 7% - 47%, and 

averaged 23%. S t a f f  e lec ted  t o  use a 20% reduc t ion  f a c t o r  f o r  emissions from 

h o s p i t a l s  where o n l y  t h e  amount o f  gas purchased was given. An es t imate  was 

entered f o r  t h e  s i n g l e  h o s p i t a l  t h a t  s t i l l  had n o t  prov ided s p e c i f i c  

i n fo rma t ion  a t  t h e  conc lus ion  o f  the  pro jec t .  The est imate used f o r  t h i s  

source was d e r i v e d  by c o r r e l a t i n g  ethylene ox ide  use w i t h  number o f  beds, 

obta ined from the  survey resu l t s .  

Due t o  l i m i t a t i o n s  i n  modeling c a p a b i l i t y  and l a c k  o f  data, t h e  f o l l o w i n g  

s i m p l i f i c a t i o n s  and assumptions were employed. I t  was assumed t h a t  a l l  t h e  

e thy lene ox ide  used i n  a l o a d  i s  emi t ted  i n  the  hour d u r i n g  which t h e  

s t e r i l i z e r  i s  purged and weekly ethy lene ox ide emissions occurred a t  t h e  

s t a t e d  t ime seven days per  week. Normal iz ing weekly emissions over  seven days 

u would n o t  y i e l d  an es t imate  o f  maximal impact, b u t  would adequately 



charac ter ize  cumulat ive impact. The assumption t h a t  a l l  the ethylene oxide 

used i n  a s t e r i l i z e r  i s  emi t ted du r ing  purg ing  o f  t h e  s t e r i l i z e r  chamber 

neglects several factors. Some ethylene ox ide  w i l l  be d issolved i n  the water 

used t o  seal the  vacuum pump and some w i l l  be absorbed i n  the  s t e r i l i z e d  

a r t i c l e s .  I n i t i a l l y  t h i s  might be as much as 12.51'of the ethylene oxide 

used. However, much o f  the  ethylene ox ide associated w i th  t h e  product w i l l  be 

desorbed and emit ted i n  the  subsequent a e r a t i o n  phase ( l a s t i n g  6 t o  12 hours 

a f t e r  the  purge), and much o f  the  ethy lene ox ide  d issolved i n  the water w i l l  

r e v o l a t i l i z e  (see sect ion on ethylene ox ide p rope r t i es  i n  main report) .  

Therefore, h o s p i t a l  ethylene ox ide usage per  l oad  was t rans la ted  i n t o  t o t a l  

ethylene ox ide emissions per load and can be considered an upper l i m i t  t o  

emissions. 

11. MODELING METHODS 

ARB modeled the  d ispers ion o f  ethylene ox ide  emissions from the sources 

l oca ted  w i t h i n  the  inventory  area i n  the  South Coast A i r  Basin. A somewhat 

l a r g e r  exposure area was used t o  model p o t e n t i a l  exposures from the i nven to ry  

area (F igure  C-1). Out o f  a t o t a l  o f  58 sources modeled, 55 were hosp i ta l s  

and th ree  were i n d u s t r i a l .  Ethylene oxide i s  used i n  s t e r i l i z a t i o n  processes 

by a l l  bu t  two of the 58 sources: L i q u i d  Carbonic Corp., and MG Industr ies.  

These two sources are  d i s t r i b u t o r s  o f  ethy lene oxide, w i t h  most o f  t h e i r  

e thy lene ox ide  emissions a t t r i b u t e d  t o  purg ing  o f  returned ethylene ox ide 

cy l inders .  The l a r g e s t  source o f  ethylene ox ide  i s  Micro-Biot ro l ,  Inc.. w i t h  

emissions est imated a t  251 pounds per day o r  about 74% o f  the  340 pounds per  

day o f  ethy lene ox ide emit ted from a l l  surveyed sources i n  the  inventory  

area. Ethylene oxide emissions from a l l  surveyed hosp i ta l s  t o t a l  ahout 70 

pounds per day. Table C - l  shows the ethy lene ox ide emission data f o r  a l l  o f  

the  sources modeled. 



FIGURE c-1 

MAP OF ETHYLENE OXIDE MODELING AREA 
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The I n d u s t r i a l  Source Complex Short Term (ISCST) a i r  q u a l i t y  model was 

used t o  p r e d i c t  annual ethylene oxide concentrat ions f o r  a gr idded a r ray  o f  

receptors spaced one k i lometer  apart. For t h e  exposure est imates, the 

populat ion contained i n  each one ki lometer-square g r i d  c e l l  i s  assumed t o  be 

exposed t o  the  ethy lene ox ide concentrat ion est imated f o r  the  receptor  node 

loca ted a t  the  center  o f  the c e l l .  The recep to r  area i o n t a i n s  71 g r i d  c e l l s  

i n  the east-west d i r e c t i o n  and 45 g r i d  c e l l s  i n  the north-south d i rec t i on .  

Several subgrids o f  the  71 by 45 k f lometer  modeling reg ion  were used 

depending on the  emission source l o c a t i o n  t o  save on computer costs. Groups 

o f  sources were se lec ted  so they would be centered i n  a 50 by 34 k i lometer  

gr id .  M ic ro -B io t ro l ,  Inc. was centered i n  a 60 by 40 k i lometer  gr id .  The 

c e n t r a l  p o s i t i o n  o f  the modeling reg ion  i s  common t o  a l l  g r ids .  Receptor 

index ing  f o r  a l l  subgrids was adjusted t o  t h e  71 by  45 k i lometer  gr id .  

Concentrations from each se t  o f  sources modeled were then summed a t  each 

receptor  t o  est imate cumulat ive concentrat ions a t  each receptor  i n  the  

exposure area. 

111. RESULTS 

The est imated population-weighted 1985 annual mean ethy lene ox ide 

concent ra t ion  from a l l  sources i n  the  i nven to ry  area i s  50 p a r t s  per  t r i l l i o n  

(pp t ) .  The most exposed f i v e  percent o f  t h e  exposure area populat ion o f  

6,862,631 (343,132 people) i s  est imated t o  be exposed t o  160 p p t  o r  more, 

annual ly.  (Note t h a t  people i n  the exposure area are a lso  exposed t o  ethylene 

ox ide  emissions from sources ou ts ide  the  i nven to ry  area.) 

M ic ro -B io t ro l .  Inc. accounts f o r  about 74% o f  t h e  ethylene oxide 

emissions, and the  r e s i d e n t i a l  exposure t o  ethy lene oxide from t h i s  f a c i l i t y  

i s  about 81% o f  the  t o t a l  exposure. The percentage f o r  exposure i s  h igher  

because most o f  the  ethy lene ox ide from M ic ro -B io t ro l ,  Inc. i s  emi t ted dur ing  



TABLE C-1 

ETHYLENE OXIDE EMISSION DATA 

Rank F a c i l i t y  - 
INDUSTRIES 

1. M ic ro -B io t ro l  , Inc. 
2. PG I n d u s t r i e s  
3. L i q u i d  Carbonic Corp. 

HOSPITALS 

St. John's Hosp i ta l  
UCLA Medical Center 
USC Medical Center 
VA Med. Center, Brentwood 
Hunt ington Memorial Hosp. 
Brotman Medical Center 
Hosp. o f  t h e  Good Samaritan 
Daniel  Freeman Mem. Hosp. 
Cedars-Sinai Med. Center 
Cigna Hosp i ta l  o f  L.A. 
Bever ly  Hosp i ta l  
St. V incent  Med. Center 
G a r f i e l d  Medical Center 
Orthopedic Hospi ta l  
Rancho Los Amigos Hosp. 
Midway Hosp. Med. Center 
Alhambra Corn. Hospi ta l  
Memorial Hosp. Glendale 
St. F ranc is  Med. Center 
Ka iser  Hosp - B e l l  f l ower  
Santa Monica Med. Center 
R.F. Kennedy Med. Center 
Downey Comm. Hospi t a l  
Cent inela Hosp i ta l  
Kaiser  Hosp - Sunset 
Ka iser  Hosp - West L.A. 
Ch i l d ren ' s  Hosp. o f  L.A. 
Century City Hosp i ta l  
Hol 1 ywood Presbyter ian 
White Memorial Hosp i ta l  
L.A. County-M.L. King 
Ca l i f .  Hosp. Med. Center 

Stack Distance t o  
ETO Height  Nearest Receptor 

(pounds/day) ( f e e t )  (meters) 



TABLE C-1 - cont inued 

Rank - 

ETHYLENE OXIDE EMISSION DATA 

F a c i l i t y  

Westside Hospi ta l  
Coast Plaza Med. Center 
L.A. Doctors Hospi ta l  
Bever ly  H i l l s  Med. Cen. 
Comm. Hosp. San Gabriel  
Maxicare Medical Center 
Rio Hondo Mem. Hospi ta l  
Daniel  Freeman Marina 
Queen o f  Angels Med. Cen. 
Barlow Hosp i ta l  
French Hosp i ta l  o f  L.A. 
Temple Comm. Hosp i ta l  
Washington Medical Cen. 
Memorial Hosp. Hawthorne 
Monterey Park Hospi ta l  
Comm. Hosp. o f  Gardena 
Hol 1 ywood Comn. Hospi ta l  
Charter Suburban Hosp. 
USC Compr. Hea l th  Center 
Santa Marta Hosp i ta l  
West Hollywood Hospi ta l  
Inglewood Women's Hosp. 
East L.A. Doctors Hosp. 

Tota l  

Stack 
Height 
(feet) 

40 
14 
14 
94 
0 

14 

Distance t o  
Nearest Receptor 

(meters) 



the e a r l y  morning o r  evening, when wind speeds a r e  low and the  a i r  i s  - 
r e l a t i v e l y  s tab le .  Under such cond i t ions ,  r e l a t i v e l y  h igh  ground l e v e l  

concent ra t ions  a r e  expected t o  occur. 

The complete popu la t i on  exposure d i s t r i b u t i o n  a t t r i b u t e d  t o  emissions from 

a l l  sources, and from M ic ro -B io t ro l  alone, i s  g iven i n  Table C-2. F igu re  C-2 

shows the  annual e thy lene ox ide  concentrat ion d i s t r i b u t i o n  r e s u l t i n g  from 

emissions from a l l  sources i n  t h e  i nven to ry  area, as  we l l  as t h e  1985 

popu la t i on  d i s t r i b u t i o n  f o r  the  exposure area. F igu re  C-3 shows t h e  annual 

e thy lene ox ide  concent ra t ion  d i s t r i b u t i o n  from a l l  h o s p i t a l s  i n  t h e  i n v e n t o r y  

area, a long w i t h  t h e  same popu la t ion  d i s t r i b u t i o n  as i n  F igure  C-2. F igure 

C-4 show$ t h e  annual ethy lene ox ide  concent ra t ion  d i s t r i b u t i o n  from 

M ic ro -B io t ro l ,  Inc., along w i t h  the  same popu la t ion  d i s t r i b u t i o n  as i n  F igure  

C-2. F igures C-5 and C-6 represent  exposure, t h e  product  o f  t h e  annual 
- 

concent ra t ion  m u l t i p l i e d  by t h e  popu la t ion  f o r  each one k i l ome te r  g r i d  c e l l  i n  
'b 

t h e  model ing region. F igu re  C-5 shows the  annual e thy lene ox ide  exposure 

d i s t r i b u t i o n ,  from M ic ro -B io t ro l ,  Inc., and from a l l  h o s p i t a l s  i n  the  

i n v e n t o r y  area; and F igure  C-6 shows t h e  annual e thy lene ox ide  exposure from 

a l l  sources i n  t h e  i nven to ry  area. The v e r t i c a l  scales a r e  t h e  same f o r  a l l  

t h r e e  p l o t s  so t h a t  t h e y  can be v i s u a l l y  compared. F igu re  C-7 shows t h e  

cumulat ive popu la t i on  exposure d i s t r i b u t i o n  f o r  a l l  r es iden ts  i n  the  exposure 

area, due t o  emissions from a l l  sources i n  the  sma l l e r  i n v e n t o r y  area. F igure  

C-8 shows the percentage o f  r e s i d e n t i a l  exposure a t t r i b u t e d  t o  t h e  t h r e e  

source categor ies.  



TABLE C-2 

POPULATION EXPOSURE D ISTRIBUTION TO ETHYLENE OXIDE 
I N  THE SOUTH COAST A I R  BASIN EXPOSURE AREA. 1 9 8 5  



- 9.- 
i :  h b p e .  Valkq H ~ p t t a l  Me&d Center 

1600 WEST AVENUE J, LANCASTER. C A L l ~ ~ l ~ P f 3 4  XI#XX- ' \(&) 949-5065 

Air Resources Board 
1102 "Q" Street 
e. o. BOX 2815 
Sacramento, .CA 95812 

In reply to your conammication of October 16, 1985: 

At this time, our facility has no information on the health effects of Ethylene 
Oxide to suknit for your study. 

I would be happy to receive information inquiries for other candidate substances 
and will route them to the appropriate individual in our facility qualified to 
respond. 

- yours truly, 
-v .- 

C. - rr ., ]$k.* d, r-+,71 ,,;LC J i L. 
i l  

Bonnie J. Aitken 
Director, Materiel Management 

cc: Chuck Herrera, Safety Comnittee 
.lohn Hamilton, Aaqistant Admi.nistrator 



BECKMAN 
BECKYIN INSTIIUUENTS. INC. 
(IPINCO OIVISION 
I050 Pa40 ' A l l 1  Rontl 80. 10200 Pnlo Alto, Calllornla 91304. Telephone 1415) (15?.11$0 

November 4, 1985 

Mr. William V .  Loscutoff 
Chief Toxic Pollutants  Branch 
RE: Ethylene Oxide 
California  Air Resources Board 
P .O .  Box 2815 
Sacramento, C A .  95612 

Dear Mr. Loscutoff: 

In reference t o  your memo of October 26, 1965 refer ing  on the nealth 

e f f e c t s  of Ethylene Oxide as  p a r t  of toxic  a i r  contaminant program, 

I have checked a l l  our chemical departments. 

de do not use any Ethylene Oxide in any of our processes and operations. 

Sincerely,  

John Berger 'I 

Manager of Regulatory Compliance 



P A T R I C I A  L. N O R T O N  
SECRFXARY 

Sfotionary Source 
Dtvision 

Air Resources 8oord 

OFFICE OF AIR QUALITY AND Nl'CLEAR ENERGY G R E G  1. GASPERECZ 
ASSISTANT SFCIIbTARY 

November 8, 1985 

Mr. Peter D. Venturini 
Chief, Stationary Source Division 
Air Resources Board 
State of California 
1102 Q Street 
Post Office Box 2815 
Sacramento, California 95812 

RE: Ethylene Oxide 
-".d 

Dear Mr. Venturini: 

Thanks for your letter of October 28, 1985. We do not have any 
information, concerning ethylene oxide, to submit at this time. However, 
we do wish to continue receiving information inquiries for other candidate 
substances regarding toxic air contaminants. 

' GREG J .  GASPERECZ 
Assistant Secretary 



OCAW @ 
Oil. C h m i u l  & Atomic Workan - 
lntunatlonrl Union. AFLUO 

Jamb t4iebm.r. Pr.sid.nt 
M1cha.I Rici~iianm. Srr.t.rv.Tr.aurn 
L. b l u i n  Mow., Vis. Pr.lid.nr 
Robrt 6. Wag", Vts. Pr.sidln1 

I n R m . t l O N I  0tfic.l: 
256 Union 8lud.. L~uewooa. CO 80118 
303/OB72220 

M.il' P.O. no* 2812. O."".,. CO 80201 

November 1 3 ,  1985 

R E C E I V E D  

Sloliomry Source 
Oivtrion 

A,, Resources bard 

P e t e r  D. V e n t u r i n i  
Chief  S t a t i o n a r y  Source D i v i s i o n  
A i r  Resource Board 
P. 0. Box 2815 
Sacremento ,  CA 95812 

Re: Reques t  f o r  i n fo rma t ion  r e g a r d i n g  
E t h y l e n e  Oxide 

Dear M r .  V e n t u r i n i :  

Re fe rence  is made t o  your r e q u e s t  f o r  i n f o r m a t i o n  r e g a r d i n g  e t h y l e n e  o x i d e  
d a t e d  October  28, 1985. 

P l e a s e  be a d v i s e d  t h a t  t h e  O i l ,  Chemical and Atomic Workers I n t e r n a t i o n a l  
Union d o e s  no t  b e l i c v c  i t  hns  any r e l e v a n t  i n f o r m t i o n  t h a t  is no t  ; ~ v a i l a b l e  
t o  you i n  t h e  cour se  o f  your r e f e r e n c e  s e a r c h .  Should we come a c r o s s  any 
i n f o r m a t i o n  t h a t  might be o f  r e l e v a n c e ,  I w i l l  immediately forward same t o  
Mr. L a s c u t o f f .  

Thank you f o r  t h e  i n v i t a t i o n  t o  p a r t i c i p a t e .  P l e a s e  do no t  h e s i t a t e  t o  c o n t a c t  
me i f  you have any q u e s t i o n s  o r  i f  we can  be  o f  f u r t h e r  a s s i s t a n c e  i n  any  
o t h e r  H e a l t h  and S a f e t y  m a t t e r .  

D i r e c t o r  
I l c ; ~ l t h  and S:iFcty Depi~rtrn~-nt 

l)(:L:mr 
c c :  R. Wages, Vice P r e s i d e n t  

J .  Fo ley ,  D i r e c t o r  D i s t r i c t  81 



KERN VAL LEY HOSPITAL DISTRICT 
-. A 
u. W. Kirso~k. Pres. 

Chuck Wild. Vice Prer. 
Timothy P. Anderson, Sec. 
Fred Doddr, Treos. 
Robert Wolney, M.D.. Asst. Ser. 

6412 Laurel Ave. RL 1, Box 1.52 
D. E. Naworski 

Chief Executive Officer 

Mt. Mesa (619) 379-2681 
Lake Isabella. CA 93240-9729 

William V. Imcutof f , Chief 
rrocic Pollutants Branch 
Re: Ethylene Oxide 
California Air Resamxs Board 
P.O. BCp( 2815 
S a a a m n t o ,  Ca 95812 

Dear M r .  Losciltoff: 

CXlr haspita1 is not now or are ws p l a m i q  on using Ethylene 
Oxide as a for of sterilization at any tine in the forseeable 
future. If yau have any questions please feel free to contact 
me at the above listed telephone number. 

Robert V. Pierce !id. 
O.R. Supervisar 



HEmET VALLEY HOSPITQL DISTRICT 

EARL L ALDERSON, Ph.0. 
Resldent 

W. GARY DAUELL M.D. 
VlwPmidenl 

CATHERINE DEARING. R.N.. M.S, 
s.ontw 

PAUUNE HILUS 
Dlmtor 

ROBERT J. McNERNM 
Dimtor 

l t 16 East Lalham Avenue 
HEMET. CALIFORNIA 92343 

Telephone 052.281 1 
AmaCOdO 714 

THOMAS J. BROOERICK. M.B.A. 
Administrator 

Fully Accredlled by 
Jolnl Commosslon on 
Ac~ledtIaI10n 01 HoIIo11aIs 

Member 01 
Amerlcm Hor)otlal Alr)oc1al6on 
Calllornna Hoso~lal Auoclallon 
Assoclsllon 01 Western Hosoltals 
Assoclallon of Callfotnta 

Horp8tal Dlatncls 
Hospllal Council ol Soulhem 

Cal~fornm 

November 6, 1985 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
California Air Resources Board 
1102 Q Street 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Sir: 

In response to your request for information regarding Ethylene 
Oxide, October 28, 1985 I am forwarding to you for your review 
and consideration a reference copy that was not listed on your 
bibliography. The Council on Scientific Affairs', Advisory Panel 
on Re~roductive Hazards in the Workplace of the American Medical -.. ~~- 

~ssociition published their report Effects of Toxic Chemicals on 
the Reproductive System, June 1985. Ethylene Oxide is only one 
of a total 120 chemicals considered for review based on an - -  - -. ~- 

estimation of their imminent hazard, i.e., widespread use and/or 
inherent toxicity. 

Thank you for requesting relevant information concerning ethylene 
oxide. 

Sharon LaHaise, Ph.D., R.N., I.C.P. 
Infection Surveillance Officer 

SLH: j1 

encl ( 3 )  



7.- 
STATE OF RHODE ISLAND A N D  PROVIDENCE PLANTATIONS 

DEPARTMENT OF ENVIRONMENTAL MANAC ;IIMI:N'I 
75 Davis Street 
Providence, R. 1. 02908 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
California Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. Loscutoff: 

Your letter requesting information about ethylene oxide has 
been forwarded to my desk. Although I do not have additional in- 
formation about this substance, I would appreciate receiving fu- 
ture information inquiries. 

Thank you. 

Very truly yours, 

Barbara H. Morin 
Senior Engineer 
Division of Air and Hazardous 

Materials 

BHM : j g 



New York State Department of Envlronmental Consenration 
50 Wolf Road, Albany, New York 12233-0001 

Henry G. WlIIhms 
Commissioner 

November 7 ,  1985 
. . 

M r .  William V.  Loscutoff, Chief 
Toxic Pol lu tants  Branch 
California  A i r  Resources Board 
P.O. BOX 2815 
Sacramento, CA 95812 

RE: Zthylene Oxide 

Dear M r .  Loscutoff: 

According t o  our guidelines of  A i r  Guide-1. i n  1983 we r ec l a s s i f i ed  
ethylene oxide from a compound exhib i t ing  a moderate degree of t o x i c i t y  
t o  a high tox ic  a i r  contaminant. This was based on t h e  modified TLV 
value f o r  ethylene oxide by t h e  ACGIH i n  1982. 

Present ly,  the inclusion of ethylene oxide as  a h i ~ h  toxic  a i r  
contaninant prevai l s  as a guidel ine i n  t h e . S t a t e  of New York. 

Enclosed i s  t h e  information supportinp our decision on t h i s  matter .  

I f  you have any comments, we would l i k e  t o  hear from you. I can 
be reached at  (518) 1157-7454. 

Research S c i e n t i s t  
Bureau of A i r  Toxics 

Enclosure 
CI&l/rz 



FIGURE C--2 

--b . . 
ETHYLENE OXIDE CONCENTRATIONS IN THE EXPOSURE AREA FROM ALL SOURCES 

. - 
' IN THE INVENTORY AREA 

1985 POPULATION DISTRIBUTION IN EXPOSURE AREA 
(thousands people/cell) 



Figure C-3 

ANNUAL ETHYLENE OXIDE CONCENTRATIONS FROM ALL HOSP.ITALS 

I N  THE INVENTORY AREA 

1985 POPULATION DISTRIBUTION I N  THE EXPOSURE AREA 

(thousands people/cell) 



Figure C-4 

ANNUAL AVERAGE ETHYLENE OXIDE CONCENTRATIONS FRO:? MICRO-BIOTROL 

1985 POPULATION DISTRIBUTION IN THE EXPOSURE AREA 

(thousands people/cell) 



Figure C-5 
AI\TNUAL ETHYLENE: OXIDE EXPOSURE DUE TO EMISSIOIJS 

FROM MICRO-BIOTROL 

ANNCJL ETHYLENE OXIDE EXPOSURE DUE TO EMISSIONS FROM A 
HOSPITALS I N  THE INVENTORY AREA 



ANNUAL ETHYLENE OXIDE EXPOSURE I N  THE INVENTORY 
AREA DUE TO EMISSIONS FROM ALL SOURCES . 

Figure  C-6 



Figure C-7 

RESICENTIAL EXPOSURE TO ETnYLENE OXIDE 
SOUTII COAST AIR BASIN EXPOSURE AREA - 1985 

HILLIONS 



Figure C-8 

XESIEENTIAL EXPOSUXE TO ,ETHYLENE OXIDE BY SOURCE CATEGORY . 
L 



APPENDIX D 

POINT SOURCE MODELING METHODS AND RESULTS 



POINT SOURCES MODELING METHODS AND RESULTS 

I n  order t o  determine the extent o f  ethylene oxide exposure t o  people 

res id ing  near po in t  emission sources o f  ethylene oxide, the ARB modeled 

emissions from several i ndus t r i a l  f ac i  1 i t i e s  i n  Cal i fornia.  I n  addi t ion ,  a 

comparison was made t o  EPA's analysis o f  exposures t o  ethylene oxide from two 

po in t  sources i n  Santa Clara County (EPA, 1986). The l a t t e r  analysis was 

conducted because o f  concern t h a t  exposure t o  airborne ethylene oxide might be 

responsible f o r  h igh ind iv idua l  r i s ks  f o r  maximally exposed indiv iduals.  The 

discussion below i s  d iv ided i n t o  pest ic ida l  sources and non-pesticidal sources 

f o r  the convenience o f  the reader; however, ARB used the same modeling method 

f o r  both types o f  sources. 
- 

I NON-PESTICIDAL SOURCES 
'L 

The Indus t r i a l  Source Complex-Short Term (ISCST) a i r  q u a l i t y  model was 

used t o  p red ic t  ethylene oxide concentrations f o r  each o f  the ethylene oxide 

d i s t r i b u t i o n  f a c i l i t i e s  i n  the inventory area. The model includes a gridded 

array o f  receptors spaced one ki lometer apart. For the exposure estimates, 

the population contained i n  each one kilometer-square g r i d  c e l l  i s  assumed t o  

be exposed t o  the ethylene oxide concentration estimated f o r  the receptor node 

a t  the center o f  the c e l l .  

The ISCST model requires as input  the emission and stack parameters, and 

one complete year (8760 hours) o f  meteorological data i n  order t o  ca lcu la te  

exposure estimates. For both f a c i l i t i e s ,  meteorological data used i n  the 

ISCST model was measured a t  the Los Angeles Internat ional  A l rpor t  (LAX) dur ing 



1978. This year was selected because i t  was the most recent  year f o r  which 

hou r l y  records were a v a i l a b l e  and i t  represents a poor year i n  terms of 

p o l l u t a n t  d ispers ion  throughout the South Coast A i r  Basin. 

Based upon in fo rmat ion  provided by the  companies (see Sect ion on emission 

sources i n  the main repo r t  f o r  discussion),  the  f o l l o w i n g  data was used as 

i n p u t  t o  the  ISCST model: 

1 )  L i q u i d  Carbonic Corp. - 0.8 pounds per  hour emi t ted between 6:30 A.M. 

and 3:00 P.M. d a i l y .  from a three f o o t  e leva t ion .  

2 )  MG Indus t r i es  - 3.16 pounds per hour emi t ted between 7:00 A.M. and 

noon d a i l y ,  from a 40-foot e levat ion.  

Figures 0-1 through 0-4 show annual ethylene ox ide concentrat ions and 

exposures t h a t  r e s u l t  from emissions from t h e  L i q u i d  Carbonic and MG 

Indus t r i es  f a c i l i t i e s .  

11. PESTICIDAL SOURCES 

Subsections 1 and 2 below provide r e s u l t s  o f  modeling studies conducted by 

ARB f o r  two i n d u s t r i a l  s t e r i l i z e r l f u m i g a t i o n  f a c i l i t i e s  i n  C a l i f o r n i a .  

Subsection 3 provides r e s u l t s  o f  modeling s tud ies  conducted by Versar Inc. 

( f o r  EPA) f o r  one hosp i ta l  and one i n d u s t r f a l  s t e r i l i z i n g  f a c i l i t y  i n  the Bay 

Area A i r  Basin. Subsection 4 compares the r e s u l t s  o f  model l n g  o f  p o i n t  

sources conducted by ARB and those repor ted by  EPA. Despite d i f f e rences  i n  

type o f  model, meteorology, stack height, and o ther  fac tors ,  t h e  r e s u l t s  a re  

genera l l y  cons i s ten t  w i t h  each other. 

1 ) Mic ro-B io t ro l  , Inc. 

ARB modeled emissions from the Micro-Biot ro l .  Inc. con t rac t  s t e r i l i z i n g  

f a c i l i t y  i n  Vernon (near Los Angeles). This was conducted as p a r t  o f  the 

study described i n  Appendix C, South Coast Area Modeling Nethods and Results. 

Table 2 i n  Appendix C shows the  exposure d i s t r i b u t i o n  f o r  the modeling region 



F i g u r e  0-1 

ANNUAL ETHYLENE OXIDE CONCENTRATIONS FROM 
L IQUID  CARBONICS 



F i g u r e  0 -2  

ANNUAL ETHYLENE OXIDE CONCENTRATIONS FROM MG INDUSTRIES 



F i g u r e  D-3 

ANNUAL ETHYLENE OXIDE EXPOSURE FROM L I Q U I D  CARBONICS 



Figure 0-4 

ANNUAL ETHYLENE OXIDE EXPOSURE FROM MG INDUSTRIES 



and the  ethy lene ox ide  exposure d i s t r i b u t i o n  due o n l y  t o  emissions from 

L Mic ro -B io t ro l  , Inc. The model i n g  s tudy  prov ided est imates o f  annual 

concent ra t ions  o f  up t o  1700 p p t  near  M ic ro -B io t ro l .  

From i n f o r m a t i o n  prov ided by  the  company t o  ARB i n  May, 1986, i t  was 

c a l c u l a t e d  t h a t  45.9 tons o f  e thy lene ox ide  were used i n  1985 (about 251 

pounds per  day). (For 1984, t h e  South Coast A i r  Q u a l i t y  Management ' D i s t r i c t  

(SCAQMD) est imated 'emiss ions o f  71 tons o f  ethy lene oxide.) The company 

est imates t h a t  90% o f  the  s t e r i l a n t  charge used i s  a c t i v e l y  exhausted w i t h  t h e  

s t e r i l i z e r  door  closed, near  t h e  end o f  t h e  s t e r i l i z a t i o n  cycle. 40% o f  the  

emissions occur  between 4 A.M. and 6 A.M, 40% between 8 P.M. and 11 P.M., and 

20% between 8 A.M. and 5 P.M. The e thy lene ox ide  i s  exhausted t o  the  45 

foo t -h igh  r o o f  a t  140'~. For model ing purposes, 90.48 pounds were assumed 

t o  be emi t ted  a t  5 A.M. and again a t  9:30 PA., every  day; and 22.62 pounds 

were assumed t o  be emi t ted  each day a t  bo th  11 A.M. and 2 P.M. These emission 
L' 

f i g u r e s  represent  about 90% o f  e thy lene ox ide  repo r ted  used by t h e  company. 

The remainder was no t  inc luded f o r  model ing purposes, a l though i t  was i nc luded  

f o r  i nven to ry  purposes. 

As shown i n  Table D-1 , t h e  populat ion-weighted annual average ethy lene 

ox ide  concent ra t ion  i n  the  exposure area due o n l y  t o  e thy lene ox ide emissions 

from M ic ro -B io t ro l ,  Inc. was est imated t o  be about 40 ppt. The h ighes t  annual 

concent ra t ion  est imated f o r  any o f  t h e  one square k i l ome te r  receptor  g r i d s  was 

1700 ppt ,  l o c a t e d  about one k i l ome te r  west o f  t h e  emission source. However, 

s i nce  t h e  receptors  a r e  spaced a t  one k i l ome te r  increments throughout the  

model ing region,  they prov ide an es t imate  o f  reg iona l -sca le  exposures t o  

e thy lene ox ide  r a t h e r  than an es t imate  o f  t h e  maximum ground l e v e l  

concentrat ions near s p e c i f i c  f a c i l i t i e s .  To ge t  a more accurate es t imate  o f  

L t h e  maximum ground l e v e l  concent ra t ion  near  t h e  M ic ro -B io t ro l ,  Inc. f a c i l i t y ,  



TABLE 0-1 

POPULATION-WEIGHTED ANNUAL AVERAGE 
ETHYLENE OXIDE CONCENTRATIONS* 

Mean 
Source M 

Micro-B io t ro l  , Inc. 40 

A1 1 Hosp i ta ls  8 

L i q u i d  Carbonic Corp. 1 

MG Indus t r i es  1 

A l l  Sources 50 

* The t o t a l  popu la t ion  o f  the  exposure area i n  1985 was 6,862,631. A l l  
concent ra t ion  f i gu res  a r e  weighted f o r  t h i s  t o t a l  populat ion. The 
most exposed f i v e  percent o f  the  popu la t ion  would be exposed t o  
concentrat ions o f  160 ppt  o r  greater.  



ARB used a 50 by 50 meter recep to r  g r i d  f o r  a th ree  by th ree  k i l ome te r  area - around t h e  emission source. The h ighes t  annual concent ra t ion  est imated f o r  

these 50 meter receptors  i s  10,000 ppt,  l o c a t e d  about 250 meters eas t  o f  the  

source. Th is  value would approximate t h e  h ighes t  concen t ra t i on  t h a t  cou ld  be 

breathed by maximal 1 y exposed i nd i v idua ls .  Appendix C descr ibes t h e  modeling 

procedure f u r t h e r .  

2) S c h i l l i n g  Spice Co. 

I n  August, 1983, ARB s t a f f  conducted a source t e s t  (ARB, 1983) a t  t h e  

McCormick and Co., Inc. ( S c h i l l i n g )  f a c i l i t y  i n  Sal inas which determined t h a t  

approximate ly  20 percent  o f  t h e  ethy lene ox ide  charged t o  t h e  s t e r i l i z a t i o n  

chamber was d i r e c t l y  em i t t ed  t o  the  a i r  through two small stacks. Another 

35-40 percent  was determined t o  be going i n t o  t h e  wastewater. The remaining 

40-45 percent  o f  the  e thy lene  ox ide  was presumed t o  be emi t ted  from t h e  
- 

a e r a t i o n  chamber, a f t e r  t h e  products were removed from the  s t e r i l i z a t i o n  
L 

chamber. Th i s  l a t t e r  percentage (40-45 percent)  was t h e r e f o r e  combined w i t h  

t h e  20 percent  d i r e c t l y  em i t t ed  t o  t h e  a i r ,  as t o t a l  emissions modeled. 

Because some e thy lene ox ide  remains w i t h  products and associated m a t e r i a l s  

and because some e thy lene ox ide  i s  em i t t ed  d u r i n g  product t r a n s f e r  between 

chambers, t h e  40-45 percent  value may ove rs ta te  the  emissions from t h e  

a e r a t i o n  chamber. However, ARB s t a f f  be l i eves  t h a t  a s i g n i f i c a n t  p ropo r t i on  

o f  t h e  35-40 percent  accounted f o r  i n  t h e  wastewater i s  i n  f a c t  emi t ted  t o  the  

a i r  near t h e  f a c i l i t y ,  due t o  ethy lene ox ide 's  appreciable chemical s t a b i l i t y  

and v o l a t i l i t y  when d i sso l ved  i n  water (see d iscuss ion  on p r o p e r t i e s  i n  main 

repo r t ) .  85% o f  t h e  e thy lene ox ide used can be re leased a t  t h e  d r a i n  opening 

(HIMA, 1980). However, f o r  t h i s  modeling study, ethy lene o x i d e  accounted f o r  

i n  t h e  wastewater was excluded. 



ARB performed the modeling ana lys is  u t i l i z i n g  the ISCST model. This  model 

requ i res  as i n p u t  the emission and stack parameters, and one complete year 

(8760 hours) o f  meteoro logical  data i n  o rder  t o  c a l c u l a t e  impacts f o r  

worst-case combinations o f  emissions and meteorology. For  t h i s  analys is ,  

meteoro logical  data from Sal inas A i r p o r t  f o r  1961 were used. 

Emission and stack parameters f o r  the  f a c i l i t y  a re  presented i n  the  

f o l l o w i n g  table.  The maximum annual ethy lene ox ide impact based on a f ive-day 

work week i s  21,400 pa r t s  per  t r i l l i o n  ( p p t )  above ambient l e v e l ,  and i s  

l oca ted  approximate ly  100 meters due west o f  t h e  f a c i l i t y .  

Stack # I  Secondary Vent Aera t ion  Room Vent 

Stack h e i g h t  (m) 5.2 3.7 8.5 

Stack temperature ('K.) 302 303 293 

3 
Flow r a t e  (m I s e c )  0.052 0.071 1.417 

Stack diameter (m) 0.15 0.10 0.42 

Stack gas v e l o c i t y  (mlsec) 2.94 7.47 10.3 

Stack #I and secondary vent emissions occurred f o r  one hour periods, 

s t a r t i n g  a t  11 A.M., 4 P.M., 9 P.M., and 2 A.M. The vent emission r a t e  was 

1.26 g/sec. f o r  s tack #1, and 0.065 g/sec. f o r  the  secondary vent. The 

a e r a t i o n  room was vented f o r  f o u r  hour periods, s t a r t i n g  a t  11 A.M., 4 P.M., 

10 P.M., and 3 A.M.; w i t h  emission ra tes  o f  0.6 glsec. 

For the purpose o f  e s t a b l i s h i n g  the numbers o f  people l i v i n g  a t  var ious 

d is tances  from the p lan t ,  1980 census t r a c t  data were u t i l i z e d .  These data 

showed t h a t  about 4,000 people l i v e  w i t h i n  a one m i l e  radius o f  the p lant .  

Annual average concent ra t ion  i sop le ths  were generated by model ing t h a t  l e d  t o  

the f o l l o w i n g  conclusions. 



- The est imated maximum annual e thy lene  ox ide concent ra t ion  was 21,400 p a r t s  

3 per  t r i l l i o n  ( p p t )  o r  38.5 ug/m . Using 1980 census t r a c t  data, these 

emissions r e s u l t e d  i n  an est imated 240 people being exposed t o  annual average 

concentrat ions between 310 and 3,100 pp t ,  and an est imated 24,000 people be ing  

exposed t o  annual average concent ra t ions  between 31 p p t  and 310 ppt. 

3 )  Santa Clara V a l l e y  P r o j e c t  

I n  June, 1985, Versar Inc. submi t ted  a "Follow-up A i r  Q u a l i t y  Ana lys is  i n  

Support o f  the  I n t e g r a t e d  Environmental Management D i v i s i o n ' s  Santa Clara 

P r o j e c t "  t o  EPA (Versar, 1985). As p a r t  o f  t h i s  p r o j e c t  s tudy o f  Santa Clara 

County, two e thy lene ox ide  emission sources were modeled. Good Samaritan 

Hosp i ta l ,  a 403 bed h o s p i t a l  i n  San Jose, was est imated i n  t h e  r e p o r t  t o  e m i t  

750 kg lyear  o f  e thy lene oxide. The r e p o r t  s tates,  " the p red i c ted  annual 

concentrat ions f o r  t h e  most exposed i n d i v i d u a l  i s  conse rva t i ve l y  est imated t o  
- 

u be rough ly  1.9 ug/m3" (1,000 ppt) .  The r e p o r t  a l s o  prov ides a p r e d i c t i o n  

f o r  maximum ethy lene ox ide concen t ra t i on  from t h e  hosp i ta l  o f  about 2.2 

Good Samaritan Hosp i ta l  uses 106 tanks o f  d i s i n f e c t i n g  gas per  year. The 

tanks con ta in  130 pounds each w i t h  12% ethy lene ox ide (ETO) by weight. 

Therefore, annual emissions a r e  about 750 kg. (Sof fe r ,  1986). 

(130 l b  gas) (.I2 ETO) (106 tanks)  ( 1 k9) = 752 k g  
tank gas y e a r  2.2 l b  year  

A l l  gas i n  t h e  tanks was assumed t o  be emi t ted  a t  t h e  hosp i ta l .  

The Versar r e p o r t  (Versar, 1985) a l s o  provides an emission es t imate  o f  

1,540 kg lyear  f o r  an i n d u s t r i a l  source o f  ethy lene oxide, Barnes-Hind 

Pharmaceuticals, Inc., i n  Sunnyvale, CA. With modeling, t h e  maximum p r e d i c t e d  

annual concent ra t ion  o f  e thy lene ox ide  was 4.4 ug/mS, o r  2,450 ppt.  



The emission est imate f o r  Barnes-Hind Pharmaceuticals, Inc.  used by Versar 

Inc.  (1 ,540 kg lyear )  d i f f e r s  from t h a t  obta ined from the  Bay Area A i r  Q u a l i t y  

Management D i s t r i c t  (BAAQMO, 1984). The BAAQMO est imated s i x  tons per year 

(5,460 kg l yea r )  from t h a t  f a c i l i t y .  o r  about 3.5 t imes as much. Modeling w i t h  

the h igher  BAAQMO emission est imates m igh t  then p r e d i c t  a maximum annual 

3 
concent ra t ion  o f  15.6 ug/m (8,700 pp t )  e thy lene oxide. 

For bo th  f a c i l i t i e s ,  Versar Inc. used t h e  LONGZ model (Versar, 1985). a 

computer program designed t o  c a l c u l a t e  long- term ground-level p o l l u t a n t  

concentrat ions u t i l i z i n g  a m u l t i p l e  number o f  source types and receptors. I t  

uses the  steady-state u n i v a r i a t e  Gaussian plume formulat ion.  

4 )  hodel i n g  Discussion 

The maximum concent ra t ion  f o r  M ic ro -B io t ro l ,  Inc. can be compared t o  

maximum concentrat ions from o the r  ethy lene ox ide  (ETO) modeling s tud ies  

performed f o r  var ious sources. For ease o f  comparison, the  r e s u l t s  a re  shown 

i n  t h e  f o l l o w i n g  tab le :  

Raxirnum Annual ETO Stack Emission/ 
Ethylene ox ide Concentrat ion Emission Rate Height . Concentrat ion 
Emission Source ( P P ~ )  lpounds/day) (meter1 Rat io*  

Micro-  B i o t r o l  10,000 251 14 25 

S c h i l l i n g  21,400 119 5 5.6 

Barnes-Hind 2,400 9 5 3.8 

* The "emiss ion/concentrat ion r a t i o "  i s  ob ta ined by d i v i d i n g  t h e  ethy lene ox ide  
emission r a t e  by the  maximum annual concentrat ion.  

Both the modeling study o f  S c h i l l i n g  conducted by ARB and the  modeling 

s tudy  o f  Barnes-Hind conducted by Versar Inc.  used receptor  l o c a t i o n s  designed 

t o  p r e d i c t  maximum concentrat ions. Comparing the r e s u l t s ,  M ic ro -B io t ro l  has 

t h e  h ighes t  emiss ion/concentrat ion r a t i o .  M ic ro -B io t ro l  a l so  has the h ighest  



stack a t  14 meters. The other sources have stacks of about 5 meters. The 

w higher stack a t  Micro-Biotrol tends t o  produce lower maximum concentrations a t  

ground level due to  greater dispersion of emissions, thereby increasing the 

emission/concentration ratio.  Given the  f a c t  tha t  the meteorology i s  

d i f fe ren t  for  a l l  three s tudies ,  the r e s u l t s  appear to  be consis tent ,  in  terms 

of emission/concentration r a t i o s  f o r  t he  maximum ground level concentrations. 
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EXPOSURE TO ETHYLENE OXIDE THROUGH OTHER MEDIA - 
Est imated Ethy lene Oxide I n h a l a t i o n  and Inges t i on  Rates 

SMOKERS 

Binder  and L indner  (1972) est imated t h a t  the  ethy lene ox ide  concen t ra t i on  

o f  unfumigated tobacco smoke i s  0.02 micrograms per  m i l  1  il i t e r .  Standard 

smoking c o n d i t i o n s  i nc lude  35 ml. p u f f s ,  and one c i g a r e t t e  averages rough ly  

t e n  p u f f s  under these cond i t i ons  (Higgins, 1983). A  pack con ta ins  20 

c i g a r e t t e s ,  so a  one-pack-a-day smoker inha les :  

0.02 ug 35 ml 10 p u f f s  20 c i g a r e t t e s  140 ug 
X - - - X X 

m l  p u f f  c i g a r e t t e  day day 

L AMBIENT A I R  

An i n d i v i d u a l  exposed t o  50 p p t  e thy lene ox ide  (EO) concent ra t ion  o f  

ambient a i r  ( t h e  average est imated f o r  t h e  South Coast exposure reg ion  

descr ibed i n  Sect ion  I-A), who i nha les  t h e  average 20 cubic meters per  day, 

inha les :  

50 p a r t s  EO 44 g  1000 I. 20 meter3 106 ug 
X X X X - - 

1012 p a r t s  a i r  22.4 1.EO meter3 day 9  

= about 0.02 microgramlday 



INGESTION 

The Nat ional  Toxicology Program, i n  i t s  Four th Annual Report on 

Carcinogens (NTP, 1985), c i t e d  an FDA communication f o r  the  es t imate  t h a t  

"po ten t i a l  d a i l y  i n t a k e  o f  ethylene ox ide per  person i n  the Un i ted  States i s  

est imated t o  be 10 micrograms." .Accord ing  t o  the  FDA re ference (Modderman, 

1986), t h i s  est imate was made f o r  the  purpose o f  p rov id ing  an upper l i m i t  t o  

poss ib le  d a i l y  i n t a k e  ra tes  from food. 

Ca lcu la t ions  were made f o r  i n t a k e  r e s u l t i n g  from d i r e c t  food a d d i t i v e s  

on ly ,  because FDA be l ieved t h a t  i n t a k e  from i n d i r e c t  food a d d i t i v e s  ( f rom food 

packaging) was a much smal ler  quant i ty .  In take from fumigated food and spices 

was n o t  considered. 

D i r e c t  food a d d i t i v e s  inc lude the  ethylene ox ide polymer d e r i v a t i v e s  

c a l l e d  polysorbates (used as e m u l s i f i e r s ) ,  and the  ethy lene ox ide  polymer used 

i n  beer. I n  bo th  cases, i t  was hypothesized t h a t  ethy lene ox ide  might o f f -gas  

from the polymer. Ana ly t i ca l  de tec t i on  l i m i t s  f o r  ethy lene ox ide  i n  food 

a d d i t i v e s  range from 0.5 ppm, up t o  200 ppm f o r  the l e a s t  s e n s i t i v e  method 

approved by t h e  U.S. Pharmacopoeia. It was assumed, f o r  t h e  purpose o f  

e s t a b l i s h i n g  an upper l i m i t ,  t h a t  a l l  food a d d i t i v e s  der ived from ethy lene 

ox ide  conta in  200 ppm ethylene oxide. It was f u r t h e r  assumed t h a t  a l l  o f  t h i s  

would be i n  the food f o r  inges t ion .  

The i n t a k e  o f  d i r e c t  add i t i ves  from food was est imated t o  be f o u r  

m i l l i g r a m s  per day, which was m u l t i p l i e d  by 200 ppm ethy lene ox ide  t o  o b t a i n  8 

micrograms ethy lene ox ide i n take  per day. I n  add i t ion ,  based upon beer i n t a k e  

and the  l e v e l  o f  e thy lene ox ide polymer use i n  beer (assuming maximum l e v e l s  

i n  bo th  cases), FDA est imated 2 micrograms ethylene ox ide i n t a k e  per day from 

beer consumption. By combining the  i n t a k e  from food and from beer, FDA 

obta ined a maximum i n t a k e  l e v e l  o f  10 micrograms per day. 
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EMISSIONS OF ETHYLENE OXIDE FROM DISTRIBUTION FACILITIES 

Routine re leases  o f  ethy lene ox ide  a t t r i b u t a b l e  t o  d i s t r i b u t o r s  occur  

a t  p lan ts  where t h e  e thy lene ox ide  i s  mixed and repackaged f o r  sa le  t o  

r e t a i l e r s .  Ethy lene ox ide  mixed w i t h  d ich lo rod i f luoromethane o r  carbon 

d i o x i d e  i s  s o l d  i n  pressur ized cy l i nde rs .  When t h e  c y l i n d e r s  are  re tu rned  

t o  the  f i l l i n g  p lan t ,  r e s i d u a l  gas i s  evacuated and t h e  c y l i n d e r s  a r e  then 

cleaned i f  necessary and r e f i l l e d .  

The ARB i s  aware o f  f i v e  e thy lene ox ide  c y l i n d e r  f i l l i n g  f a c i l i t i e s  i n  

Ca l i f o rn ia .  Two f a c i l i t i e s  a r e  l o c a t e d  i n  t h e  Bay Area A i r  Basin and 

th ree  a r e  i n  t h e  South Coast A i r  Basin. L i q u i d  Carbonic, Inc. has one i n  

San Carlos and another i n  Los Angeles. Union Carbide's L inde D i v i s i o n  has 

one i n  Torrance and one i n  South San Francisco. M.G. I n d u s t r i e s  has one 

LC. .d f a c i l i t y  i n  Los Angeles. 

For most p lan ts ,  the  major  source o f  emissions i s  from disposal  o f  

res idua l  s t e r i l a n t  gas m ix tu re  i n  c y l i n d e r s  re turned f o r  r e f i l l i n g .  The 

amount re tu rned  f n  used tanks v a r i e s  accord ing  t o  the  s p e c i f i c  p rac t i ces  

and equipment employed by the  user. Prac t ices  f o r  d isposal  o f  t h e  

res idua l  gas vary  w i t h i n  t h e  indus t ry .  F u g i t i v e  emissions represent  

another source o f  emissions, which may range from below 112% t o  2% 

(Zwiacher 1983). 

For c y l i n d e r s  o f  pure e thy lene oxide, res idua l  amounts a r e  g e n e r a l l y  

small. Cy l inders  o f  pure ethy lene ox ide  used by  i n d u s t r i a l  s t e r i l i z e r s  

a re  genera l l y  pressur ized by t h e  users w i t h  n i t r o g e n  gas t o  fo rce  ou t  t h e  

ethy lene oxide. The p l a n t  manager o f  one i n d u s t r i a l  s t e r i l i z i n g  company 

repo r t s  he re tu rns  112% t o  1% of t h e  pure ethy lene ox ide  he buys (Knight,  



1986). Hospi ta l  s t e r i l i z e r s  which operate on pure ethylene oxide operate 

a t  a  vacuum and the gas i s  packaged i n  d isposable conta iners appropr ia te  

f o r  one load. 

Var iab le  amounts o f  gas remain i n  re tu rned  cy l i nde rs  o f  ethylene oxide 

s t e r i l a n t  gas mixture. Some f a c t o r s  which i n f l uence  the  amount o f  gas 

remaining i n  the  c y l i n d e r  are: (1 )  the make and model o f  s t e r i l i z e r  used, 

(2 )  t h e  s i z e  o f  the  s t e r i l i z e r  chamber, ( 3 )  t h e  s i z e  o f  the gas c y l i n d e r  

i n  r e l a t i o n  t o  the s i ze  o f  the s t e r i l i z e r ,  and (4 )  the opera t ing  

parameters such as temperature, pressure and du ra t i on  o f  the s t e r i l i z i n g  

cycle. I n  add i t i on ,  the  gas has a  l i m i t e d  s h e l f  l i f e  because o f  the 

format ion o f  non -vo la t i l e  res idua l  due t o  a  cata lyzed polymer izat ion 

react ion.  

ARB obta ined in fo rmat ion  on both the  amount o f  gas used and the  amount 

purchased, f o r  some o f  the  h o s p i t a l s  surveyed. This data was used t o  

c a l c u l a t e  the  percentage o f  gas purchased which was returned unused, and 

subsequently disposed. Percentages c a l c u l a t e d  f o r  i n d i v i d u a l  hosp ia ls  

ranged from 7% t o  46%. On the  average 23% o f  the  ethylene ox ide  purchased 

by  h o s p i t a l s  was returned, presumably because i t  was e i t h e r  p h y s i c a l l y  

unava i l ab le  o r  because i t  was outdated. 

Three a d d i t i o n a l  sources o f  i n fo rma t ion  were obtained. Union 

Carbide 's  d i  s t r i b u t i o n  p l a n t  i n  South San Francisco recycles the  res idua l  

ethy lene oxide. I n  t h e i r  p r i c i n g  s t r u c t u r e ,  the  company assumes 6% t o  7% 

o f  t h e  gas w i l l  be reclaimed from re turned cy l i nde rs .  The Union Carbide 

p l a n t  i n  Torrance has app l i ed  t o  the South Coast A i r  Q u a l i t y  Management 

D i s t r i c t  (SCAQKD) f o r  permission t o  b u i l d  a  new scrubber. For t h e i r  



app l i ca t i on ,  volumes obta ined from t h e i r  recovery / recyc l ing  system were 
w 

measured, over  a pe r iod  o f  time. These measurements es tab l i shed  t h a t  an 

average o f  18% o f  the  ethy lene ox ide  m i x t u r e  they  produced and packaged i n  

cy l i nde rs  was returned. t o  them i n  used cy l i nde rs ,  o r  recyc led  because i t  

was outdated (Bolen, 1986). L i q u i d  Carbonic Corp. a l s o  measured t h e  

average r e t u r n  r a t e  f o r  t h e i r  ope ra t i on  and found i t  t o  be lower  than 

Union Carbide. Based on t h e  l i m i t e d  data from these f o u r  sources, t h e  

percentage o f  e thy lene ox ide  m ix tu re  re turned i n  c y l i n d e r s  ranges from 4% 

t o  47%. 

Because t h e  Union Carbide 18% r e t u r n  r a t e  i s  near t h e  average es t imate  

f o r  hosp i ta l s ,  ARB s t a f f  used t h e  18% r e t u r n  r a t e  f o r  t h e  d i s t r i b u t o r  

which d i d  n o t  p rov ide  s p e c i f i c  data. 

S p e c i f i c  c o n t r o l  measures used t o  reduce emissions vary. Union 

b Carbide employed a r e c y c l i n g  system t o  r e c l a i m  res idua l  e thy lene oxide. 

The Union Carbide f a c i l i t y  i n  Torrance exhausted unreclaimed e thy lene 

ox ide through a scrubber us ing  a 0.5 N s u l f u r i c  a c i d  s o l u t i o n  t h a t  was 

assumed by  SCAQMD t o  be 90% e f f e c t i v e  i n  conve r t i ng  ethy lene ox ide  t o  

g lyco l .  I n  1985, the two L i q u i d  Carbonic p lan ts  bubbled the  res idua l  

ethy lene ox ide  gas through water a t  a n e u t r a l  o r  near n e u t r a l  pH. ARB 

s t a f f  est imates t h i s  method t o  be 37% e f f e c t i v e  i n  removing ethy lene ox ide  

from the  gas stream (ARB, 1983). However, s i nce  hyd ro l ys i s  i s  very  slow 

a t  near n e u t r a l  pH, most o f  t h e  ethy lene ox ide  t h a t  i s  d isso lved w i l l  

r e - v o l a t i l i z e  w i t h i n  t h e  a i r  basin. A t  t h e  MG I n d u s t r i e s  p l a n t ,  t h e  gas 

t h a t  i s  evacuated from re turned tanks i s  re leased from a 40 f o o t  h igh  

exhaust vent (Edwards, 1986). 



The t o t a l  emissions were ca l cu la ted  as a percentage o f  s t e r i l a n t  gas 

m ix tu re  product ion. The reduct ion  due t o  c o n t r o l  measures being used i s  

subtracted and an est imated amount o f  f u g i t i v e  emissions i s  added. 

Fo l lowing are two examples o f  the  type o f  c a l c u l a t i o n  used: 

Emissions = PFR ( 1 4 )  + PFE 

where 

P = product ion  o f  s t e r i l a n t  gas mix 

F = f r a c t i o n  o f  ethylene ox ide i n  the  s t e r i l a n t  mix 

R = res idua l  f r a c t i o n  returned 

C = % c o n t r o l l e d  a t  p l a n t  

E = f u g i t i v e  emission f a c t o r  (112 t o  2%) 

e.g., 

Company X, C = 0 

PFR ( 1 4 )  = 200,000 l b l y r  X .12 X -18 (1 - 0 )  = 4,320 l b l y r  

P FE = 200,000 l b l y r  X .12 X .02 = - 480 l b l y r  

4,800 l b l y r  = 

2.4 t o n s l y r  

Company Y 

PFR ( 1 4 )  = 600,000 l b l y r  X .12 X .18 (1-0.37) = 8,165 l b l y r  

PFE = 600,000 l b l y r  X .12 X .02 = 1,440 l b l y r  

9,605 l b l y r  = 

4.8 t o n s l y r  
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EMISSIONS OF ETHYLENE OXIDE FROM HOSPITALS 

This appendix describes t h e  method by which s ta tewide e thy lene ox ide  

emissions from h o s p i t a l s  were estimated, based on data obta ined i n  t h e  1986 

ARB survey o f  h o s p i t a l s  i n  t h e  Los Angeles area. I t  a l so  inc ludes  a 

d iscuss ion  o f  t h e  s u i t a b i l i t y  o f  app ly ing  exposure est imates generated f o r  t h e  

South Coast s tudy  a rea ' t o  s tatewide populat ions. 

SOURCES OF EMISSIONS 

Sterilizationlfumigation equipment v a r i e s  i n  s i z e  and ope ra t i ng  

c h a r a c t e r i s t i c s  accord ing t o  the  app l i ca t i on .  T y p i c a l l y ,  t h e  equipment i s  a 

p ressur ized chamber, w i t h  a vacuum pump t o  remove a i r  o r  the  s t e r i l a n t / a i r  

m i x t u r e  from t h e  chambers be fore  and a f t e r  s t e r i l i z a t i o n .  There a r e  t h r e e  

ca tegor ies  o f  chamber size. 

- 3 Small counter  top  models w i t h  c a p a c i t i e s  l e s s  than 0.1 m ( l e s s  than 4 
-L 

ft3) are  used mos t l y  i n  smal l  h o s p i t a l s ,  h e a l t h  care and h e a l t h  d iagnos is  

f a c i l i t i e s .  These chambers genera l l y  use pure e thy lene ox ide  supp l i ed  i n  

s ingle-dose ca r t r i dges .  I n  these smal l  u n i t s ,  e thy lene ox ide  i s  usual1 y 

vented t o  t h e  ou ts ide  atmosphere through a ven t  l i n e .  

In te rmed ia te-s ized chambers w i t h  c a p a c i t i e s  ranging from 0.1 t o  2.8 m3 

3 (4-100 ft ) a r e  used p r i m a r i l y  a t  h o s p i t a l  c e n t r a l  supp ly  f a c i l i t i e s .  These 

chambers g e n e r a l l y  use a 12% ethy lene oxide1881 d ich lo rod i f luoromethane 

(Freon-12) m i x t u r e  suppl ied i n  pressur ized cy l inders .  Ethylene ox ide  i s  

u s u a l l y  vented t o  t h e  ou ts ide  atmosphere o r  sometimes i s  rou ted  t o  a sewer 

d r a i n  near t h e  chamber. 

Large chambers have capac i t i es  o f  g rea te r  than 2.8 m3 (100 f t 3 ) .  

These a r e  m a i n l y  used by c o n t r a c t  s t e r i l i z e r s  f o r  i n d u s t r i a l  s t e r i l i z a t i o n  o f  

L medical and o t h e r  products, by medical supp l ies  manufacturers, and by s p i c e  



companies f o r  fumigat ion o f  spices. The chambers are  designed t o  use e i t h e r  

pure ethy lene ox ide o r  an ethy lene ox ide  mix ture  suppied i n  pressur ized 

cy l i nde rs  o r  l a r g e  tanks. Ethylene ox ide i s  t y p i c a l l y  evacuated from the  

chamber us ing a water-sealed vacuum pump. F igure  111-3 i n  the  main r e p o r t  

shows a f l o w  diagram o f  a l a r g e  e thy lene ox ide  s t e r i l i z e r  chamber. 

S t e r i l i z a t i o n  w i t h  ethy lene ox ide i n  h o s p i t a l s  f o l l ows  a general ized 

procedure as fo l lows.  The equipment t o  be s t e r i l i z e d  i s  placed i n  a chamber 

from which most o f  the  a i r  i s  evacuated. The chamber i s  than w a n e d  and 

humid i f ied  p r i o r  t o  i n t r o d u c t i o n  o f  the  gas. The exposure phase begins w i t h  

i n t r o d u c t i o n  o f  the  gas and l a s t s  two t o  f i v e  hours depending on the  

temperature a t  which the load i s  be ing  run. The next  s tep i s  t h e  purge, 

du r ing  which t h e  gas i s  evacuated and f i l t e r e d  a i r  i s  b led i n  and pumped o u t  

several times. I n  t h e  l a s t  step, aerat ion,  the  product i s  he ld  a t  an e levated 

temperature w h i l e  a i r  i s  c i r c u l a t e d  through the  chamber. Aera t ion  i s  

f r e q u e n t l y  done i n  a separate chamber. The purpose o f  the a e r a t i o n  phase i s  

t o  promote desorp t ion  o f  ethy lene ox ide  from product  and packaging. Most 

hosp i ta l s  ae ra te  each load f o r  5 t o  12 hours. 

EMISSIONS EXTRAPOLATION 

Data from the  South Coast A i r  Basin s tudy area was ex t rapo la ted  t o  the  

s t a t e  t o  es t imate  statewide emissions o f  ethy lene ox ide  from hosp i ta l s .  A 

l i s t  o f  a l l  acute care h o s p i t a l s  i n  the s t a t e  was assembled from data provided 

by t h e  L icens ing  and C e r t i f i c a t i o n  D i v i s i o n  o f  the  C a l i f o r n i a  Department o f  

Heal th Services, the Veterans Admin is t ra t ion ,  and the U.S. Army, Navy and A i r  

Force. Data gathered f o r  t h e  modeling s tudy  o f  cumulat ive impact i n  an area 

o f  t h e  South Coast A i r  Basin, as s p e c i f i e d  i n  Appendix C, was used t o  

c a l c u l a t e  emissions per h o s p i t a l  f o r  three ranges o f  h o s p i t a l  s ize ,  i n  pounds 

o f  ethy lene ox ide  per  day per  hosp i ta l .  



A l l  the h o s p i t a l s  i n  the  s t a t e  were then c l a s s i f i e d  i n t o  the  th ree  s i z e  

i ranges, and t h e  number o f  h o s p i t a l s  i n  each c lass  was then m u l t i p l i e d  by  t h e  

average c a l c u l a t e d  emissions per hosp i ta l  f o r  t h a t  class. The f o l l o w i n g  t a b l e  

g ives t h e  s i z e  ranges used, t h e  average emissions per  h o s p i t a l  i n  t h e  South 

Coast i n v e n t o r y  area, and the number o f  h o s p i t a l s  s ta tewide i n  each s i z e  

range. M u l t i p l y i n g  t h e  est imated emissions per  h o s p i t a l  by  t h e  number o f  

h o s p i t a l s  and summing t h e  products f o r  t h e  t h r e e  ca tegor ies  gives the  

s ta tewide emissions es t imate  as fo l lows:  

S ize  Emissions/Hospital  Number o f  Emissions 
(Beds) (Pounds ETOlday) Hosp i ta ls  (Pounds ETOIday) 

201 -499 
Over 500 

346.32 lb./day x  1  ton  x  365 day = 63.20 ton l yea r  - 
2000 l b  year  

The f o l l o w i n g  d iscuss ion  i d e n t i f i e s  and, where poss ib le ,  q u a n t i f i e s  t h e  

u n c e r t a i n t i e s  i n v o l v e d  i n  t h i s  estimate. Because e x t r a p o l a t i o n  i nvo l ves  

p r e d i c t i n g  t h e  behav ior  o f  a  l a r g e r  popu la t ion  based on t h a t  o f  a  sample, 

several f a c t o r s  a f f e c t  t h e  r e s u l t i n g  accura-y. For instance, i f  t h e  sample i s  

rep resen ta t i ve  o f  t h e  popu la t ion  and i s  a  subs tan t i a l  p r o p o r t i o n  o f  t h e  

popu la t ion  and t h e  e x t r a p o l a t i o n  i s  based on a  c h a r a c t e r i s t i c  t h a t  c o r r e l a t e s  

w e l l  w i t h  t h e  v a r i a b l e  being predicted, t h e  accuracy o f  t h e  e x t r a p o l a t i o n  w i l l  

be enhanced. 

I n  t h i s  case, w h i l e  t h e r e  was a ,genera l  upward t rend  i n  e thy lene ox ide  use 

per  bed w i t h  i n c r e a s i n g  h o s p i t a l  s ize, i t was c l e a r  t h a t  several  o t h e r  

va r i ab les  a f f e c t e d  t h e  amount o f  ethylene ox ide  used by  i n d i v i d u a l  hosp i ta l s .  



Ethylene oxide s t e r i l i z a t i o n  i s  u t i l i z e d  f o r  heat -sens i t i ve  instruments t h a t  

a re  used p r i n c i p a l l y  f o r  su rg i ca l  procedures and f o r  r e s p i r a t o r y  therapy. 

Therefore, t h e  f r a c t i o n  o f  beds occupied by p a t i e n t s  r e q u i r i n g  these serv ices  

i s  an important  var iable. Other va r i ab les  i nc lude  the  s ize ,  type, age and 

number o f  s t e r i l i z e r s  i n  use; s t e r i l i z e r  opera t ing  var iab les  such as 

temperature, pressure and du ra t i on  o f  cyc les  and the  ex ten t  t o  which 

disposable inst ruments a r e  used. Because o f  these var iables,  the c o r r e l a t i o n  

between t h e  number o f  beds and ethy lene ox ide  use i s  low, and the  

corresponding u n c e r t a i n t i e s  can n o t  be quan t i f i ed .  

I n  t h e  study area i t  was noted t h a t  as h o s p i t a l  s i z e  increased, t h e  

per-bed use o f  ethy lene ox ide  a l s o  increased. This may be due t o  the 

f o l l o w i n g  p o s s i b i l i t i e s :  1 )  the  smal l  h o s p i t a l s  use more disposable 

instruments, 2 )  small h o s p i t a l s  c o n t r a c t  more f o r  o f f - s i t e  ethy lene ox ide  

s t e r i l i z a t i o n ,  and 3 )  more compl i c a t e d  cases a r e  t r e a t e d  a t  the  l a r g e r  

hosp i ta ls .  

Because t h e  Los Angeles area i s  C a l i f o r n i a ' s  l a r g e s t  popu la t ion  center,  i t  

was expected t h a t  l a r g e  h o s p i t a l s  (over  500 beds) would be over-represented i n  

the  surveyed study area. This expecta t ion  was confirmed by the c a l c u l a t i o n  

t h a t  a l though t h e  i nven to ry  area conta ins  12% o f  the  s t a t e ' s  hosp i ta l s ,  these 

represent  19% o f  the  acute care h o s p i t a l  beds i n  C a l i f o r n i a .  To reduce t h i s  

b ias,  t h e  emission fac tors  were determined f o r  th ree  s izes  o f  hosp i ta l s :  under 

200 beds, 200 t o  499 beds, and 500 beds and over. However, t h e  amount of 

e r r o r  in t roduced i n t o  the est imate by t h e  biased sample can n o t  be determined. 

Analys is  o f  var iance f o r  the  emission fac to rs  i nd i ca tes  conf idence l i m i t s  

o f  p l u s  o r  minus 31% due t o  i n t e r n a l  v a r i a b i l i t y  w i t h i n  categor ies and smal l  

sample s i z e  f o r  some categories. 



EXPOSURE EXTRAPOLATION 
u 

Because t h e  average exposure est imated f o r  the  popu la t ion  i n  t h e  g r i d  

inc ludes  people exposed t o  h igh  concent ra t ions  due t o  emissions from 

Micro-U io t ro l  Inc., t h i s  es t imate  i s  n o t  i n d i c a t i v e  o f  exposure experienced by 

people i n  t h e  r e s t  o f  the  state.  One approach t o  e s t i m a t i n g  s ta tewide 

exposure would be t o  exclude a l l  exposure due t o  i n d u s t r i a l  sources. No 

q u a n t i t a t i v e  data e x i s t  t o  eva lua te  t h i s  approach. The f o l l o w i n g  i s  a 

q u a l i t a t i v e  assessment o f  t h e  f a c t o r s  a f f e c t i n g  t h e  v a l i d i t y  o f  t h i s  approach 

t o  es t ima t ing  s ta tewide exposure. 

Although t h e  s t a t e ' s  l a r g e s t  urban areas do have i n d u s t r i a l  sources, most 

urban areas have no i n d u s t r i a l  sources o f  ethy lene ox ide  exposure. I n  most 

urban areas, t h e  exposure r e s u l t i n g  from hosp i ta l  emissions w i l l  be t h e  o n l y  

source o f  exposure. Sources o f  u n c e r t a i n t y  i n  t h e  es t imate  o f  o t h e r  urban 

L community exposure de r i ved  by e x t r a p o l a t i o n  from t h e  South Coast modeling 

s tudy  i n c l u d e  the  fo l l ow ing :  1 ) meteorological  and topographic cond i t i ons  

vary around t h e  s t a t e ,  and 2 )  the  geographic d i s t r i b u t i o n  o f  h o s p i t a l s  va r i es  

among urban areas. Although t h e  e x t e n t  o f  e r r o r  in t roduced by  these sources 

of  u n c e r t a i n t y  i s  d i f f i c u l t  t o  q u a n t i f y ,  no reason was apparent t o  o b v i a t e  t h e  

use o f  exposure from non- indus t r i a l  sources i n  t h e  South Coast t o  es t imate  

statewide exposure. 

For the  purpose o f  es t ima t ing  s ta tewide populat ion-weighted 

concentrat ions,  however, i t  should be noted t h a t  1 ) many r u r a l  areas have no 

e thy lene ox ide  emission sources nearby, and 2 )  some sma l le r  urban areas do 

have non-hospi ta l  ( i n d u s t r i a l )  emission sources. Considerat ion o f  t h e  f i r s t  

f a c t o r  would imp ly  t h a t  s ta tewide populat ion-weighted concent ra t ions  a r e  

somewhat lower, w h i l e  the  second f a c t o r  would imply t h e  opposite. Again, 

L q u a n t i f i c a t i o n  i s  d i f f i c u l t .  



APPENDIX H 

EVISSIONS OF ETHYLENE OXIDE FROW PEDICALIPHAPb'ACFUTICPL 

PPOOUCTS F P C I L I T I E S  



EMISSIONS OF ETHYLENE OXIDE FROM MEDICAL/PHARMACEUTICAL 
PRODUCTS FACILITIES 

The 1982 ARB survey inc luded t h e  f o l l o w i n g  parameters p e r t a i n i n g  t o  

e thy lene ox ide  (ETO) s t e r i l i z e r s :  1) t h e  number o f  s t e r i l i z e r s ,  2 )  the  volume 

o f  t h e  s t e r i l i z e r  u n i t ,  3)  t h e  number o f  cyc les  used per  week, 4 )  t h e  k i n d  o f  

gas o r  gas m i x t u r e  used f o r  s t e r i l i z i n g  i n  each u n i t ,  5 )  t h e  amount o f  gas o r  

gas m ix tu re  used f o r  each cyc le ,  6 )  t h e  k i n d  o f  v e n t i l a t i o n  system f o r  t h e  

s t e r i l i z e r s  and 7 )  t h e  name o f  t h e  ETO d i s t r i b u t o r .  It i s  assumed t h a t ,  

w i t h o u t  any emission c o n t r o l  devices f o r  t h e  s t e r i l i z e r s ,  a l l  t h e  ETO used i n  

t h e  process w i l l  be em i t ted  t o  t h e  a i r .  

Based on i n f o r m a t i o n  c o l l e c t e d  by t h e  survey, t h e  ETO emissions were 

c a l c u l a t e d  as f o l l o w s :  

Annual ETO emissions = Amount o f  ETO used per c y c l e  x number 

o f  cyc les  used per  week x 52 weeks 

I n  cases where respondents d i d  n o t  provfde i n fo rma t ion  o r  p rov ided 

i n c o r r e c t  i n f o r m a t i o n  on t h e  amount o f  gas o r  gaslmixture used, t h e  annual ETO 

emissions were c a l c u l a t e d  based on an average value r e l a t i n g  t h e  mass o f  ETO 

used per  c y c l e  t o  t h e  volume o f  t h e  s t e r i l i z e r s .  The average value i s  de r i ved  

based on t h e  assumptions t h a t  1 )  the  opera t ing  cond i t ions  f o r  s t e r i l i z a t i o n  

w i t h  100 percent  ETO a r e  t y p i c a l  and s i m i l a r ,  2) the  ope ra t i ng  cond i t i ons  f o r  

s t e r i l i z a t i o n  w i t h  12% ET0/88% dichlorodi f luoromethane a r e  t y p i c a l  and 

s i m i l a r ,  and 3) bo th  t h e  cond i t i ons  mentioned above a r e  under i d e a l  gas 

condi t ions.  



Given: 1 )  PV = nR*T where P = pressure 

V = volume o f  t h e  s t e r i l i z e r  

n = number o f  moles o f  ETO 

R* = un i ve rsa l  gas constant  

T = temperature 

where m = mass o f  ETO (amount o f  ETO used per  

c y c l e )  

M = molecular  weight o f  ETO 

Then: 1 ) PV = mR*T/M 

= m(R*/M)T where R*/M = s p e c i f i c  gas constant  = R 

The average value o f  t h e  term (P/RT) was e m p i r i c a l l y  ca l cu la ted  based on 

t h e  repor ted  data on the  amount o f  ETO used per c y c l e  and t h e  volume a v a i l a b l e  

i n  completed survey responses. This average value o f  (P/RT) was then used t o  

est imate t h e  amount o f  ethylene ox ide  used per  cyc le  f o r  t h e  companies which 

repor ted o n l y  t h e  volume bu t  n o t  t h e  amount o f  ETO ( o r  i n c o r r e c t l y  repor ted  

t h e  amount o f  ETO used per  cycle).  An average value o f  0.075 was used f o r  

cyc les  t h a t  used 100 percent ETO. An average value o f  0.04 was used f o r  

cyc les  t h a t  used 12% ET0/88% dichlorodif luoromethane. 
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